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INTRODUCTION 
The r e q u i r e m e n t s  f o r  v e h i c l e  r e a r  l i g h t i n g  sys tems  are 
s t i p u l a t e d  i n  Motor Veh ic l e  S a f e t y  S t a n d a r d  No. 108. T h i s  
S t a n d a r d  h a s  been deve loped  i n t o  i t s  p r e s e n t  fo rma t  t o  p r o v i d e  
r e l i a b l e  and e f f e c t i v e  v e h i c l e  r e a r  marking and s i g n a l i n g ,  and 
i s  based  upon a  con t inuous  p r o c e s s  of upgrad ing  t h e  m a t e r i a l  and 
performance s p e c i f i c a t i o n s  of  v e h i c l e  l i g h t i n g  sys tems  a s  new 
i n f o r m a t i o n  becomes a v a i l a b l e .  
However, t h e r e  h a s  been r e l a t i v e l y  l i t t l e  change i n  t h e  
c o n f i g u r a t i o n  o f  v e h i c l e  r e a r  l i g h t i n g  sys tems  i n  t e rms  of  t h e  
means of  cod ing  p r e s e n c e  and s i g n a l  i n d i c a t i o n s .  M o d i f i c a t i o n s  
t o  t h e  c o n f i g u r a t i o n  of r e a r  l i g h t i n g  sys tems  have been sugges t ed  
by a number of s t u d i e s  ( e . g . ,  F inch ,  1968;  P r o j e c t o r  e t  a l . ,  1969;  
Mort imer ,  1970) b u t  have s een  l i t t l e  a p p l i c a t i o n  up t o  t h i s  t ime .  
Fundamenta l ly ,  it  h a s  g e n e r a l l y  been recommended t h a t  some d e g r e e  
of f u n c t i o n a l  s e p a r a t i o n  of  lamps be u sed ,  a s  w e l l  a s  c o l o r  
c o d i n g ,  s i n c e  t h e s e  concep t s  a r e  b e l i e v e d  t o  improve t h e  a b i l i t y  
of d r i v e r s  t o  d e t e c t  and i d e n t i f y  s i g n a l s  g iven  by v e h i c l e  r e a r  
l i g h t i n g  sys tems .  These a r e  c e r t a i n l y  c r i t e r i a  t h a t  a r e  r e l e v a n t  
f o r  t h e  e v a l u a t i o n  of r e a r  l i g h t i n g  sys tem performance.  
While most f o r e g o i n g  s t u d i e s  have been made w i t h  t h e  systems 
i n  no rma l ly  f u n c t i o n i n g  c o n d i t i o n s ,  a  r e c e n t  s t u d y  (Mor t imer ,  
Domas and Moore, 1974)  was a l s o  concerned  w i t h  t h e  a b i l i t y  o f  
a l t e r n a t i v e  r e a r  l i g h t i n g  c o n f i g u r a t i o n s  t o  r e t a i n  t h e i r  e f f e c -  
t i v e n e s s  when a  number of common sys tem m a l f u n c t i o n s  a r e  i n t r o -  
duced.  The r e s u l t s  showed t h a t ,  w h i l e  sys tems  w i t h  r edundan t  
s i g n a l  and p r e s e n c e  lamp compartments o f f e r e d  some a d v a n t a g e s ,  
t h e  weight  o f  t h e  d a t a  s u p p o r t e d  t h e  use  of f u n c t i o n a l  s e p a r a t i o n  
and c o l o r  coding .  
The r e l e v a n c e  o f  changes  i n  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  
o f  v e h i c l e  r e a r  l i g h t i n g  sys tems  f o r  t h e  r e d u c t i o n  of  a c c i d e n t s  
i s  d i f f i c u l t  t o  a s c e r t a i n .  However, a  computer s i m u l a t i o n  
approach ,  such a s  t h a t  o f  C a r l s o n  and Nor t imer  ( 1 9 7 4 ) ,  o f f e r s  one 
way of  a t t a c k i n g  t h i s  problem. Some of  t h e i r  a n a l y s e s  have sug- 
g e s t e d  t h a t  a l t e r n a t i v e  r e a r  l i g h t i n g  sys tems  may be a b l e  t o  
reduce  r ea r - end  c r a s h e s  t h a t  o c c u r  i n  c e r t a i n  c l a s s e s  of c o n d i t i o n s .  
Dr iv ing  t e s t s ,  i n  which c a r - f o l l o w i n g  performance has  been 
measured ( e . g . ,  Rockwell and Banas ik ,  1968) a r e  a n o t h e r  u s e f u l  
approach f o r  t h e  e v a l u a t i o n  of r e a r  l i g h t i n g  sys tems .  C l e a r l y ,  
such e v a l u a t i o n s  canno t  be made i n  s i t u a t i o n s  which have a  h i g h  
p r e d i s p o s i t i o n  f o r  r ea r - end  c o l l i s i o n s .  They can p r o v i d e  i n f o r -  
mat ion of t h e  improvements i n  t r a f f i c  f low behav io r  t h a t  might  
be e x p e c t e d  by changes  i n  t h e  r e a r  l i g h t i n g  and s i g n a l i n g  c o n f i g u r a -  
t i o n  of  v e h i c l e s ,  and d i f f e r  i n  t h a t  r e s p e c t  from o t h e r  s t a t i c  o r  
d r i v i n g  s t u d i e s  which have e v a l u a t e d  t h e  d e t e c t a b i l i t y  and i d e n t i -  
f i c a t i o n  of s i g n a l s .  
Because of  t h i s  l i m i t a t i o n  of d r i v e r  t e s t s  t o  s i t u a t i o n s  which 
do n o t  pose  unusua l  h a z a r d s ,  a  d r i v i n g  s i m u l a t o r  was c o n s t r u c t e d  
(Campbell  and Mort imer ,  1972) which was i n t e n d e d  t o  be used f o r  
t h e  e v a l u a t i o n  of  r e a r  l i g h t i n g  sys tems  i n  te rms  of  s i g n a l  d e t e c t -  
a b i l i t y  a s  w e l l  a s  c a r - f o l l o w i n g  performance.  The advantage  o f  a  
s i m u l a t i o n  approach  o f  t h i s  t y p e ,  i s  t h a t  i t  can be used f o r  
no rma t ive  c a r - f o l l o w i n g  e v a l u a t i o n s  a s  w e l l  a s  t h e  s t u d y  o f  t h e  
behav io r  of d r i v e r s  i n  unusua l  c a r - f o l l o w i n g  s i t u a t i o n s ,  ana logous  
t o  t h o s e  i n  which t h e  r ea r - end  c o l l i s i o n s  may occu r .  
The need t o  c o n s i d e r  t h e  a l e r t i n g  q u a l i t i e s  and i d e n t i f i a b i l i t y  
o f  s i g n a l s  g iven  by v e h i c l e  r e a r  l i g h t i n g  sys t ems ,  a s  w e l l  a s  t h e i r  
e f f e c t  upon c a r - f o l l o w i n g  performance h a s  been n o t e d  p r e v i o u s l y  
(Mort imer ,  1967;  Rockwell and Banas ik ,  1968; Mort imer ,  1970;  e t c , ) ,  
The o b j e c t i v e s  of t h i s  program a r e  t o  e v a l u a t e  v e h i c l e  r e a r  
l i g h t i n 9  sys tems  by t a k i n g  accoun t  o f  bo th  of  t h e s e  a s p e c t s  of t h e  
performance o f  d r i v e r s .  S i n c e  t h e  r e l e v a n c e  of changes  i n  t h e  
c o n f i g u r a t i o n  of  v e h i c l e  r e a r  l i g h t i n g  sys tems  s h o u l d ,  i f  p o s s i b l e ,  
be demons t ra ted  t o  l e a d  t o  a  r e d u c t i o n  i n  c r a s h e s  t h e  r e s e a r c h  
was made i n  bo th  "normal" c a r - f o l l o w i n g  c o n d i t i o n s  a s  w e l l  a s  
"unusua l "  s i t u a t i o n s  which were shown by an examina t ion  of  a c c i d e n t  
d a t a ,  t o  be some of  t h o s e  i n  which rear -end  c r a s h e s  occu r red .  
A l so ,  wh i l e  c o n s i d e r i n g  changes i n  v e h i c l e  r e a r  l i g h t i n g  sys t ems ,  
such a s  f u n c t i o n a l  s e p a r a t i o n  and c o l o r  coding  of p re sence  and 
s i g n a l  lamps, t h i s  s t u d y  was a l s o  concerned w i t h  t h e  e v a l u a t i o n  
of  two t y p e s  of  s i g n a l  systems which o s t e n s i b l y  p rov ide  a d d i t i o n a l  
i n f o r m a t i o n  of t h e  behav io r  of a  c a r  be ing  fo l lowed.  
One of  t h e s e  r e a r  l i g h t i n g  systems i n c o r p o r a t e d  an a c c e l e r a t o r  
p o s i t i o n  s i g n a l ,  by l i g h t i n g  a  g reen  lamp i f  t h e  a c c e l e r a t o r  was 
d e p r e s s e d ,  a  yel low lamp i f  t h e  a c c e l e r a t o r  and t h e  b rake  were 
r e l e a s e d ,  and a  r e d  lamp i f  t h e  b rake  was a p p l i e d ,  i n  a d d i t i o n  
t o  t h e  normal f u n c t i o n i n g  o f  t h e  v e h i c l e ' s  marking and s i g n a l i n g  
system.  Aspec ts  of  such a  d i sp l ay ,name ly  t h e  c o a s t i n g  s i g n a l ,  
have been c o n s i d e r e d  i n  p r i o r  r e s e a r c h  s t u d i e s  (Nickerson e t  a l . ,  
1968;  Mortimer,  1970, 1 9 7 1 ) .  The s t u d y  by Nickerson e t  a l .  (1968) 
sugges t ed  t h a t  a  c o a s t i n g  s i g n a l  would l o s e  much o f  i t s  e f f e c t i v e -  
n e s s  i n  p r o v i d i n g  i n f o r m a t i o n  of impending b r a k i n g  u n l e s s  b r a k i n g  
fo l lowed o n s e t  of t h e  ye l low c o a s t i n g  s i g n a l  w i t h  a  h igh  p r o b a b i l i t y ,  
of about  80% of  t h e  t ime .  Mortimer (1970) made measurements of t h e  
c o a s t i n g  t ime  d u r a t i o n s  a s s o c i a t e d  w i t h  v a r i o u s  v e h i c l e  speeds  a t  
t h e  i n i t i a t i o n  of  c o a s t i n g  i n  normal d r i v i n g  c o n d i t i o n s  f o r  a  
number of d r i v e r s  who were unaware t h a t  t h e  v e h i c l e  was i n s t r u -  
mented f o r  t h i s  t y p e  of  measurement. He found t h a t  about  h a l f  of  
t h e  c o a s t i n g  d u r a t i o n s  were of 1-second d u r a t i o n  o r  l e s s ,  w i t h  
about  1 0 %  o f  them exceeding  5 seconds .  The p r o b a b i l i t y  t h a t  
b r a k i n g  would f o l l o w  c o a s t i n g  was abou t  0.5, b u t  i n  many of  t h e s e  
i n s t a n c e s  t h e  c o a s t i n g  d u r a t i o n s  were f a i r l y  long  i n d i c a t i n g  t h a t  
t h e s e  were n o t  emergency b r a k i n g  s i t u a t i o n s .  
These r e s u l t s  can be c o n s i d e r e d  on t h e  b a s i s  of t h e  f i n d i n g s  
of  a  s u b j e c t i v e  e v a l u a t i o n  s t u d y ,  i n  which d r i v e r s  fo l lowed a  
s t r e a m  o f  c a r s  equ ipped  w i t h  a  ye l l ow  c o a s t i n g  s i g n a l  lamp which 
was l i g h t e d  whenever t h e  a c c e l e r a t o r  was r e l e a s e d  (Va la sek ,  1 9 6 1 ) .  
I t  was found,  t h a t  t h e  f r e q u e n t  o n s e t  o f  t h e  c o a s t i n g  s i g n a l  was 
e v e n t u a l l y  d i s r e g a r d e d  by t h e  d r i v e r s  o f  t h e  f o l l o w i n g  v e h i c l e s  
who r e p o r t e d  t h a t  it  p rov ided  them w i t h  l i t t l e  i n f o r m a t i o n  of 
v a l u e  and a c t e d  a s  a  s o u r c e  of d i s t r a c t i o n .  
The a c c e l e r a t o r  p o s i t i o n  s i g n a l  sys tem e v a l u a t e d  i n  t h i s  
s t u d y  d i f f e r e d  i n  t h a t  a  g r een  s i g n a l  lamp was added t o  i n d i c a t e  
t h a t  t h e  a c c e l e r a t o r  was d e p r e s s e d ,  a s  w e l l  a s  an a d d i t i o n a l  r e d  
s i g n a l  lamp i n  t h e  c e n t e r  of t h e  v e h i c l e  which was l i g h t e d  when- 
e v e r  t h e  b r a k e s  were a p p l i e d .  
Another  r e a r  l i g h t i n g  sys tem concept  was s t u d i e d ,  whose 
i n t e n t  i s  t o  p r e s e n t  a d d i t i o n a l  i n f o r m a t i o n  t o  d r i v e r s  of fo l low-  
i n g  v e h i c l e s .  I t  c o n s i s t e d  of  a  s i g n a l  which was i n i t i a t e d  
whenever t h e  d e c e l e r a t i o n  exceeded a  p r e s e t  v a l u e  of  abou t  0 . 3  g. 
The s i g n a l  c o n s i s t e d  o f  t h e  b rake  lamps of  t h e  r e a r  l i g h t i n g  
sys tem f l a s h i n g  a t  4 Hz ,  o r  a  s e p a r a t e  lamp mounted i n  t h e  c e n t e r  
o f  t h e  v e h i c l e ,  e i t h e r  r e d  o r  ye l l ow  and a t  v a r i o u s  i n t e n s i t i e s ,  
f l a s h i n g  a t  4 Hz i n  such i n s t a n c e s .  There has  been no p rev ious  
e v a l u a t i o n  of t h e  e f f e c t i v e n e s s  of such a  s i g n a l  upon t h e  per -  
formance of d r i v e r s .  
I n  a d d i t i o n  t o  t h e s e  sys tems  p r o v i d i n g  p o t e n t i a l l y  add i -  
t i o n a l  i n f o r m a t i o n  t o  d r i v e r s ,  some c o n v e n t i o n a l  and e x p e r i -  
men ta l  r e a r  l i g h t i n g  sys t ems ,  which d i f f e r e d  i n  t h e  manner i n  
which s i g n a l s  were coded ,  b u t  which provided  t h e  same informa-  
t i o n  a s  i s  now a v a i l a b l e  from c o n v e n t i o n a l  r e a r  l i g h t i n g  sys t ems ,  
were  a l s o  e v a l u a t e d .  
ANALYSIS AND DESCRIPTION OF REAR-END COLLlSION DATA 
Some p r e v i o u s  e x a m i n a t i o n s  o f  r ea r - end  c o l l i s i o n  d a t a  have 
shown t h a t  t h e s e  can  be b r o a d l y  c l a s s i f i e d  i n t o  i n s t a n c e s  where: 
b o t h  v e h i c l e s  a r e  t r a v e l i n g  a t  h i g h  o r  modera te  s p e e d s  b u t  a  
speed  d i f f e r e n t i a l  e x i s t s ;  one v e h i c l e  i s  s lowing  o r  s t o p p i n g ;  
one  v e h i c l e  i s  s topped  i n  t h e  t r a f f i c  l a n e ;  o r  one v e h i c l e  i s  
pa rked .  These f i n d i n g s  have been o b t a i n e d  u s i n g  d a t a  r e p o r t e d  
by t h e  N a t i o n a l  S a f e t y  Counc i l  ( e . g . ,  Mort imer ,  1 3 7 0 ) .  More 
r e c e n t l y ,  a  f u r t h e r  breakdown o f  r ea r - end  c o l l i s i o n s  was made 
(Mortimer & P o s t ,  1973)  u s i n g  t h e  H S R I  Hit-Lab d a t a  hanks f o r  
Washtenaw County i n  Michigan. For  example,  Mortimc2r ;ind P o s t  
(1973)  e v a l u a t e d  t h e  a c t i o n s  o f  t h e  v e h i c l e s  i n v o l v e d  i n  r ea r - end  
c o l l i s i o n s  by broad  c l a s s i f i c a t i o n s  such  a s  l i s t e d  above ,  and by 
t h e  ambient  l i g h t i n g  c o n d i t i o n  and t h e  c l a s s  o f  road  on which 
t h e  c o l l i s i o n s  o c c u r r e d .  While ,  o v e r a l l ,  v e h i c l e s  t h a t  were 
c l a s s i f i e d  a s  s t o p p i n g  were most f r e q u e n t l y  i nvo lved  i n  r ea r - end ,  
i n j u r y - p r o d u c i n g  c o l l i s i o n s  on urban  and r u r a l  roads ,  v e h i c l e s  
t h a t  were moving s t r a i g h t  were g e n e r a l l y  most involvud  on l i m i t e d  
a c c e s s  highways.  There  were a l s o  c o n s i d e r a b l e  e f f t l c t n  a t t r i b u -  
t a b l e  t o  t h e  ambient  l i g h t i n g  c o n d i t i o n s ,  w i t h  one major  f i n d i n g  
o f  t h e  a n a l y s i s  be ing  t h a t  parked  v e h i c l e s  appea r  t o  be  r e l a t i v e l y  
much more l i k e l y  t o  be  s t r u c k  a t  n i g h t  t h a n  i n  dayt ime.  
While such  a n a l y s e s  a r e  h e l p f u l  i n  provid inc j  i n f o r m a t i o n  
o f  t h e  c o n d i t i o n s  under  which c r a s h e s  o c c u r ,  m c l  t h e i  r r e l a t i v e  
f r e q u e n c i e s ,  t h e y  l a c k  t h e  d e t a i l  needed t o  rcjut.7 i~c:t,ur.c% t l ~ e  
e v e n t s  l e a d i n g  up t o  t h e  c r a s h .  S i n c e  it was oL : ~1 tc1  t!st f o r  
t h e  p r e s e n t  r e s e a r c h  program, t h a t  some of  t h e  gc:nc>ral t y p e s  
o f  r ea r - end  c r a s h  s i t u a t i o n s  be implemented i n  t , t l r ?  IISRI r e a r  
l i g h t i n g  and c a r - f o l l o w i n g  s i m u l a t o r ,  s o  t h a t  n l tc2rnnt ive  r e a r  
l i g h t i n g  sys tems  c o u l d  be e v a l u a t e d  i n  cond i t i c~nk ,  111 which 
c r a s h e s  were found t o  o c c u r ,  g r e a t e r  d e t a i l  o f  t h e  p r c - c r a s h  
phase  was r e q u i r e d .  
For t h i s  r e a s o n ,  a  d i f f e r e n t  l e v e l  o f  a c c i d e n t  r e p o r t i n g  
was needed t h a n  can be d e r i v e d  from mass a c c i d e n t  d a t a  banks .  
The v e h i c l e  a c c i d e n t  d a t a  f i l e  t h a t  was used c o n s i s t s  o f  c a s e s  
c o l l e c t e d  by a c c i d e n t  i n v e s t i g a t i o n  teams under  s p o n s o r s h i p  o f  
t h e  Motor Veh ic l e  Manufac ture rs  A s s o c i a t i o n ,  t h e  N a t i o n a l  Highway 
T r a f f i c  S a f e t y  A d m i n i s t r a t i o n ,  and t h e  Canadian Department of  
T r a n s p o r t a t i o n .  There  a r e  o v e r  3500 c a s e s  i n  t h i s  computer a c c i -  
d e n t  f i l e .  
The c a s e s  s e l e c t e d  f o r  use  i n  t h i s  s t u d y  i n v o l v e d  i n j u r y  t o  
a t  l e a s t  one occupant  o f  a  v e h i c l e ,  t h e  d r i v e r s  were n o t  s u s -  
p e c t e d  o f  hav ing  used a l c o h o l  o r  d r u g s ,  t h e  c r a s h e s  o c c u r r e d  on 
d r y  r o a d s ,  and i n v o l v e d  a  r ea r - end  c o l l i s i o n .  
These c r a s h e s  were f u r t h e r  subd iv ided  by t y p e  of  road  i n t o  
l i m i t e d - a c c e s s ,  u rban ,  and r u r a l  r o a d s ,  a s  well a s  o c c u r r i n g  i n  
t h e  dayt ime o r  a t  n i g h t .  Table  1 shows t h e  f r e q u e n c i e s  of  a c c i -  
d e n t  c a s e s  o b t a i n e d  f o r  t h e  t h r e e  t y p e s  of roads  and t h e  two 
ambient  l i g h t i n g  c o n d i t i o n s .  
TABLE 1. - NUMBER OF ACCIDENT CASES OBTAINED,  CLASSI- 
FIED BY TYPE OF ROAD AND AMBIENT L I G H T I N G  
r 
Arnb i e n  t 
L i g h t i n g  
Day 
Night  
T o t a l  6 7 59 1 3  6 1 2 6 2  
L - 1  1. # 
h 
Type of Road 
b J 








Rura l  
3 6 
2 3  
T o t a l  
1 
1 6  0 
1 0 2  
2 
The c a s e  numbers f o r  each  of  t h e s e  2 6 2  a c c i d e n t s  were a l s o  
o b t a i n e d ,  and were used  t o  s e a r c h  f o r  t h e  h a r d  copy c o n t a i n i n g  
t h e  f u l l  d e s c r i p t i o n  of  t h e  c r a s h  which was used  t o  code t h e  
computer  f i l e .  I t  was found t h a t  a  number of  a c c i d e n t s  had been 
r e p o r t e d  t w i c e  i n  t h e  computer o u t p u t  because  some c a s e s  i n v o l v e d  
more t h a n  two v e h i c l e s ,  which r e s u l t s  i n  two o r  more v e h i c l e  
c a s e s  b e i n g  shown i n  t h e  computer f i l e .  I n  a d d i t i o n ,  some o f  t h e  
a c c i d e n t  c a s e s  were n o t  a v a i l a b l e  f o r  a n a l y s i s  because  t h e  h a r d  
copy c o u l d  n o t  be  found ,  some had been imprope r ly  coded ,  and 
o t h e r  c a s e s  d i d  n o t  meet t h e  r e q u i r e m e n t s  o f  t h e  f i l t e r  t h a t  was 
u sed  f o r  t h e i r  s e l e c t i o n .  While t h e  h a r d  c o p i e s  of 86 c a s e s  
were o b t a i n e d  which m e t  t h e  b a s i c  r e q u i r e m e n t s  t h a t  were  des -  
c r i b e d  f o r  t h e  s e l e c t i o n  of  c a s e s ,  it was found t h a t  a  t o t a l  o f  
68 c a s e s  p r o v i d e d  s u f f i c i e n t  i n f o r m a t i o n  of  t h e  speed  of  t h e  
v e h i c l e s  i n v o l v e d  s o  t h a t  a t  l e a s t  a  minimal  r e c o n s t r u c t i o n  of  
t h e  a c c i d e n t  c o u l d  be  made. 
Tab le  2 shows t h e  c l a s s i f i c a t i o n  of  t h e s e  68 c a s e s  by t y p e  
of  road  and ambien t  l i g h t i n g  c o n d i t i o n .  The a c c i d e n t  team which 
made t h e  r e p o r t  and t h e  c a s e  number of  t h e  68 c a s e s  which were 
used  i n  t h i s  a n a l y s i s ,  a r e  shown i n  Appendix 1. 
TABLE 2 .  NUMBER OF CASES USED, CLASSIFIED 
BY TYPE OF ROAD AND AMBIENT LIGHTING 
9 
~ a t a l  
* 
4 9  
19 
w 
6  8  
J 
Ambient 
L i g h t i n g  
Day 
Night  
T o t a l  
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I 1 4  
Rura l  
13 
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Table  3  shows t h e  p e r c e n t  d i s t r i b u t i o n  of speeds  a t  which 
t h e  s t r i k i n g  and s t r u c k  v e h i c l e s  were r e p o r t e d l y  t r a v e l i n g  b e f o r e  
t h e  d r i v e r  s took a c t i o n ,  i f  any,  p r i o r  t o  t h e  c r a s h .  I t  w i l l  
b e  n o t e d  t h a t  t h e  s t r u c k  v e h i c l e  was g e n e r a l l y  moving a t  less 
t h a n  2 0  rnph, whereas t h e  speed  of  t h e  s t r i k i n g  v e h i c l e s  was 20 mph 
t o  o v e r  70 mph. 
TABLE 3. PERCENT DISTRIBUTION OF REPORTED SPEEDS OF 
STRUCK AND STRIKING VEHICLES PRIOR TO 
IMPACT I N  CRASH SAMPLE 
A f u r t h e r  breakdown of t h e s e  c r a s h e s  was made by grouping  
them i n t o  g e n e r a l  t y p e s  of s i t u a t i o n s  which p r e v a i l e d  j u s t  p r i o r  
t o  t h e  c r a s h .  F ive  such  c o n d i t i o n s  cou ld  b e  d i s c e r n e d  from t h e  
d a t a :  
1. S t r u c k  v e h i c l e  had s topped  o r  slowed f o r  t r a f f i c ,  
s i g n a l s ,  e t c .  
2 .  S t r u c k  v e h i c l e  was w a i t i n g  t o  make a  l e f t  t u r n .  
Speed of 
S t r u c k  
Veh ic l e  - 
. mph 
0 -  9  
10-19 
20-29 
30 -39  
40 -49  
50 -59  
60 -69  
7 0 t  
T o t a l  \ 
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T o t a l  
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2 1  
7 






















3 ,  s t r u c k  v e h i c l e  s t o p p e d  due t o  f a i l u r e ,  b e i n g  o u t  o f  
g a s ,  e t c .  
4. S t r u c k  v e h i c l e  was making a  r i g h t  t u r n ,  
5 .  S t r u c k  v e h i c l e  s t o p p e d  q u i c k l y .  
T a b l e  4 shows t h e  d i s t r i b u t i o n  of t h e s e  t y p e s  of a c c i d e n t s  
by t h e  t y p e  of  r o a d  and t h e  ambient  l i g h t i n g  c o n d i t i o n  i n  which 
t h e y  o c c u r r e d .  I t  w i l l  b e  n o t e d  t h a t  t h e  b u l k  of  a c c i d e n t s ,  i n  
t h i s  sample ,  i n v o l v e d  v e h i c l e s  which had s t o p p e d  o r  s lowed,  o r  
were w a i t i n g  t o  make a  l e f t  t u r n .  
TABLE 4 .  NUMBER OF CRASHES OF EACH TYPE, CLASSIFIED 
BY ROAD TYPE AND AMBIENT L I G H T I N G  
Based on a  d e t a i l e d  r ev i ew of  t h e s e  c a s e s ,  a i d  c e r t a i n  con- 
s i d e r a t i o n s  o f  t h e  s p e c i f i c  t y p e s  of  r e a r  l i g h t l n ( j  and s i g n a l i n g  
sys t ems  t h a t  were t o  b e  e v a l u a t e d ,  a  t o t a l  of  1 6  s c e n e s  were 
deve loped  f o r  imp lemen ta t ion  i n  t h e  r e a r  l i g h t i n g  s i m u l a t o r ,  
some o f  which were t a k e n  t o  m i r r o r ,  a s  w e l l  a s  p o s s i b l e ,  t h e  t y p e  
of  s i t u a t i o n s  which it was d i s c e r n e d  t h a t  may have p receded  t h e s e  
r ea r - end  c r a s h e s ,  a s  w e l l  a s  some o t h e r s  which were  added fo r  
o t h e r  r e a s o n s .  The s c e n e s  t h a t  were s e l e c t e d ,  a r e  d e s c r i b e d  i n  
a s u b s e q u e n t  s e c t i o n  o f  t h i s  r e p o r t  concerned  w i t h  t h a t  s i m u l a t o r  
t e s t .  
Type o f  
Road 
Lim-Acc 
R u r a l  
Urban 
Lim-Acc 
Rura l  
I 
Ambient 
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EVALUATION OF A SIDE-TASK I N  THE REAR LIGHTING SIMULATOR 
O b j e c t i v e s  
p rev ious  dynamic e v a l u a t i o n s  ( e . g . ,  Mort imer ,  1970) of  
v e h i c l e  r e a r  l i g h t i n g  sys tems  have shown t h e  need f o r  a  s i d e - t a s k  
which p r e v e n t s  s u b j e c t s  from u n n a t u r a l l y  f i x a t i n g  on t h e  r e a r  o f  
t h e  c a r  t h e y  a r e  f o l l o w i n g .  The HSRI r e a r  l i g h t i n g  s i m u l a t o r  
ha s  been shown t o  p rov ide  s i m i l a r  r e s u l t s  a s  o b t a i n e d  i n  road  
t e s t s ,  b u t  w i t h  a  g e n e r a l l y  i n f l a t e d  l e v e l  of s u b j e c t  s e n s i t i v -  
i t y  (Campbell & Mortimer,  1 9 7 2 ) ,  p a r t i c u l a r l y  i n  a  measure r e l e -  
v a n t  t o  c a r - f o l l o w i n g  b e h a v i o r .  I n  o r d e r  t o  a t t e m p t  t o  equa l -  
i z e  s u b j e c t s '  s e n s i t i v i t y  between d r i v i n g  a  c a r  and t h e  s i m u l a t o r ,  
a  s i d e - t a s k ,  s i m i l a r  t o  t h a t  used i n  e a r l i e r  HSRI road  s t u d i e s ,  
was i n c o r p o r a t e d ,  The purpose  of t h i s  s t u d y  was t o  e v a l u a t e  t h e  
e f f e c t i v e n e s s  of  t h e  s i d e - t a s k  i n  l o a d i n g  t h e  p e r c e p t u a l / i n f o r -  
mat ion p r o c e s s i n g  c a p a b i l i t i e s  of d r i v e r s  t e s t e d  i n  t h e  s i m u l a t o r .  
Method 
S u b j e c t s  
Four male employees of  t h e  Highway S a f e t y  Research 
I n s t i t u t e  s e r v e d  a s  s u b j e c t s .  T h e i r  ages  were 2 6 ,  3 2 ,  43 and 
45 y e a r s .  Although two of them had p a r t i c i p a t e d  i n  e a r l i e r  
s i m u l a t o r  expe r imen t s ,  none were expe r i enced  w i t h  t h e  s i d e - t a s k .  
The S i m u l a t o r  
The r e a r  l i g h t i n g  and c a r - f o l l o w i n g  s i m u l a t o r  used i n  t h i s  
s t u d y  h a s  been d e s c r i b e d  e l s ewhere  (Campbell & Mort imer ,  1 9 7 2 ) .  
B a s i c a l l y ,  it p r e s e n t s  a  dynamic c a r - f o l l o w i n g  t a s k  t o  t h e  d r i v e r  
who i s  viewing a  l e a d  v e h i c l e  ahead o f  him i n  t h e  same l a n e ,  on 
a  two-lane road .  The l e a d  v e h i c l e  ha s  t h e  c a p a b i l i t y  of p r e s e n t -  
i n g  t u r n ,  s t o p ,  c o a s t i n g ,  and o t h e r  s i g n a l s  i n  v a r i o u s  r e a r  
l i g h t i n g  and s i g n a l i n g  c o n f i g u r a t i o n s .  The s i m u l a t i o n  i s  i n  1 / 1 2  
s c a l e .  The s u b j e c t  views t h e  l e a d  v e h i c l e  and t h e  roadway th rough  
a  s l i t ,  s i m u l a t i n g  t h e  w indsh i e ld  of  h i s  v e h i c l e ,  by p o s i t i o n i n g  
t h e  dominant  eye  a t  t h e  c o r r e c t l y  s i m u l a t e d  p o s i t i o n  of  a  
f o l l o w i n g - c a r  d r i v e r  ( F i g u r e  1) .  He c o n t r o l s  t h e  speed  o f  h i s  
v e h i c l e  w i t h  an a c c e l e r a t o r  and b r a k e  p e d a l ,  and makes r e s p o n s e s  
t o  r e a r  l i g h t i n g  sys tems  by d e p r e s s i n g  t h e  hand- and f o o t -  
o p e r a t e d  s w i t c h e s  t o  e n a b l e  r e s p o n s e  time t o  s i g n a l s ,  e r r o r s  and 
omis s ions  t o  b e  o b t a i n e d .  A speedometer ,  l o c a t e d  45" t o  t h e  r i g h t  
o f  t h e  forward  f i e l d - o f - v i e w ,  d i s p l a y s  h i s  v e h i c l e ' s  speed .  
The o p e r a t i n g  c h a r a c t e r i s t i c s  of each  of  t h e  s i g n a l  lamps 
on t h e  r e a r  o f  t h e  l e a d  v e h i c l e  a r e  s e t  i n  acco rdance  w i t h  t h e  
r e q u i r e m e n t s  f o r  t h e  p a r t i c u l a r  r e a r  l i g h t i n g  sys t em b e i n g  e v a l -  
u a t e d  i n  t h a t  r u n .  The c o l o r  of  t h e  lamps can b e  changed by 
chang ing  f i l t e r  h o l d e r s  i n  f r o n t  of each  lamp, and t h e i r  i n t e n -  
s i t y  i s  s e t  by a p p r o p r i a t e  c o n t r o l s  on t h e  s i m u l a t o r  c o n t r o l  
p a n e l  ( ~ i g u r e  2 ) .  
I n  dayt ime s i m u l a t i o n s ,  t h e  ove rhead  l i g h t s  i n  t h e  s i m u l a t o r  
a r e  t u r n e d  o n ,  p r o v i d i n g  abou t  4 0  f t - c  o f  v e r t i c a l  i l l u m i n a t i o n  
on t h e  roadway, t h e r e b y  s i m u l a t i n g  low ambient  day t ime l i g h t i n g  
c o n d i t i o n s .  I n  n i g h t t i m e  s i m u l a t i o n s ,  t h e  overhead  l i g h t s  a r e  
t u r n e d  o f f ,  w h i l e  roadway i l l u m i n a t i o n  i n  t h e  v i c i n i t y  of  t h e  
s u b j e c t ' s  v e h i c l e  i s  p rov ided  by an overhead  lamp, t o  s i m u l a t e  
t h e  h e a d l i g h t s  o f  h i s  own v e h i c l e  i l l u m i n a t i n g  t h e  roadway and 
t h e  l e a d  v e h i c l e  i f  i t  i s  w i t h i n  a p p r o p r i a t e  r ange .  I n  t h a t  con- 
d i t i o n ,  t h e  speedometer  i s  s u i t a b l y  i l l u m i n a t e d  t o  a l l o w  t h e  
s u b j e c t  t o  r e a d  i t  w i t h  e a s e .  
C o n t r o l  o f  Lead Car Speed and S i q n a l  Prcsent :at ions - During 
t h e  t e s t i n g  s e q u e n c e s ,  t h e  v e l o c i t y  o f  t h e  l e a d  ca r  and i t s  
a s s o c i a t e d  s i g n a l i n g  p r o f i l e  were c o n t r o l l e d  by one of f o u r  s e c -  
t i o n s  of  a magnet ic  t a p e ,  The s e c t i o n s  of  t a p e  were made by 
d r i v i n g  a  v e h i c l e  on a  l i m i t e d - a c c e s s  road  and r e c o r d i n g  i t s  
speed  and s t o p  and t u r n  lamp a c t u a t i o n s ,  u s i n g  a magnet ic  t a p e  
r e c o r d e r .  I n  each  c a s e  t h e  c a r  s t a r t e d  from a  s t a n d s t i l l ,  a t  
t h e  s i d e  o f  t h e  r o a d ,  a c c e l e r a t e d  up t o  speed  and t h e n  made v a r i -  
FIGURE 1. S U B J E C T ' S  VIEW OF THE SIMULATOR LEAD CAR 
AND ROADWAY BELT. 
FIGURE 2 .  SIMULATOR CONTROL PANEL 
ous  speed  c h a n g e s ,  a s  would o c c u r  i n  f a i r l y  d e n s e ,  f reeway t r a f -  
f i c  c o n d i t i o n s ,  and t h e n  a g a i n  came t o  a  s t o p .  Each o f  t h e  f o u r  
8-minute t a p e  s e c t i o n s  c o n t a i n e d  s i m i l a r  v e l o c i t y  p r o f i l e s  
(between 0  and 70 mph) , b u t  d i f f e r i n g  o r d e r s  o f  p r e s e n t a t i o n  o f  
t h e  s i g n a l s .  Twelve s i g n a l s  were p r e s e n t e d  i n  each  s e c t i o n :  
two d i s c r e t e  s t o p  and t u r n  s i g n a l s ,  two s i g n a l s  i n  which t h e  s t o p  
was f o l l o w e d  by t u r n ,  and two i n  which t u r n  s i g n a l s  were  f o l l o w e d  
by s t o p  s i g n a l s ,  f o r  a  t o t a l  o f  s i x  s t o p  and s i x  t u r n  s i g n a l s  
p e r  s e s s i o n .  An e q u a l  number o f  l e f t  and r i g h t  t u r n  s i g n a l s  
were  used .  
The Side-Task - The s i d e - t a s k  r e q u i r e d  s u b j e c t s  t o  r e spond  
w i t h  b u t t o n  p r e s s e s  t o  t h e  o n s e t  o f  one  o f  two c l u s t e r s  o f  w h i t e  
lamps (0 .25"  d i a m e t e r )  mounted a t  t h e  e y e  h e i g h t  o f  t h e  s u b j e c t  
s e a t e d  i n  t h e  s i m u l a t o r ,  a b o u t  4 "  above t h e  s i m u l a t e d  roadway, 
2 5 O  o f f  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  eye  ( F i g u r e  3 ) .  I n  t h i s  
p o s i t i o n  ( 5 7 "  from t h e  e y e ) ,  e ach  lamp s u b t e n d e d  a  v i s u a l  a n g l e  
o f  app rox ima te ly  15 minu te s  o f  a r c .  A mechan ica l  t i m i n g  sys t em 
c o n t r o l l e d  t h e  o n s e t  o f  t h e  lamps i n  a  pseudo-random s e q u e n c e ,  
t h e  l a m p - i n t e r v a l  s equence  b e i n g  r e p e a t e d  e v e r y  120 p r e s e n t a t i o n s ,  
A lamp was lit f o r  t h r e e  s econds  o r  u n t i l  t h e  s u b j e c t  responded  
c o r r e c t l y  t o  i t ,  by d e p r e s s i n g  t h e  s w i t c h  on t h e  same s i d e  o f  t h e  
r e s p o n s e  s w i t c h  box. s t i m u l i  were p r e s e n t e d  a t  t h e  r a t e  o f  
lO/minute ,  A p o t e n t i o m e t e r  e n a b l e d  t h e  e x p e r i m e n t e r  t o  o p e r a t e  
t h e  s t i m u l u s  lamps a t  two luminance l e v e l s :  0 . 8  fl and 0.08 f l .  
Responses t o  t h e  s i d e - t a s k  lamps and t o  t u r n  s i g n a l s  from t h e  
l e a d  c a r  were made w i t h  t h e  thumbs,  by d e p r e s s i n g  t h e  a p p r o p r i a t e  
one of  f o u r  1 . 0 "  d i a m e t e r  pushbu t ton  s w i t c h e s  mcunted i n  a  m e t a l  
box 5 .0"  d  x  7 .0"  w x 2 . 0 "  h ,  which t h e  s u b j e c t  he ld  i n  t h e  l a p  
( F i g u r e  4 ) .  The two lower ,  i n b o a r d  s w i t c h e s  were  used  t o  r e spond  
t o  r i g h t  and l e f t  t u r n  s i g n a l s  p r e s e n t e d  by t h e  l e a d  c a r ,  w h i l e  
t h e  two u p p e r ,  o u t b o a r d  s w i t c h e s  were  u sed  t o  r e spond  t o  t h e  








S C A L E  H O O D  
B E L T  R O A D W A Y  
S U B J E C T  
FIGURE 3. OVERHEAD SCHELUTIC VIEW OF SIDE-JTASK 
STIMULUS LAMP BELT ROADWAY LAYOUT. 
FIGURB 4 .  THE SUBJECT'S RESPONSE SWITCHES. 
t o  s t o p  s i g n a l s  of t h e  l e a d  c a r  w i t h  a  foo t swi tch  mounted t o  t h e  
l e f t  of t h e  b rake  peda l .  S ide - t a sk  response  t imes  and response  
e r r o r s  were recorded on magnetic t a p e  through t h e  s i m u l a t o r ' s  
computer d a t a  a c q u i s i t i o n  system. 
Procedure 
A t  t h e  beginning of each t r i a l ,  t h e  s t a t i o n a r y  l e a d  c a r  was 
p laced a t  a  s c a l e  headway of 150 f e e t ,  and t h e  s i g n a l i n g  system 
demonstrated.  One s i g n a l  of each of t h e  f o u r  s i g n a l  modes was 
g iven ,  and t h e  s u b j e c t  was i n s t r u c t e d  t o  respond by depress ing  
t h e  a p p r o p r i a t e  swi tch  a s  r a p i d l y  a s  p o s s i b l e  fo l lowing  t h e  
o n s e t  of a  s i g n a l .  When t h e  s i d e - t a s k  was used,  t h e  mechanical 
lamp t i m e r  was s t a r t e d  and t h e  s u b j e c t  was i n s t r u c t e d  t o  respond 
t o  t h e  s t i m u l u s  lamps a s  r a p i d l y  a s  p o s s i b l e  and c o n s i d e r  t h e  
s i d e - t a s k  a s  of primary importance.  Before t h e  l e a d  c a r  was p u t  
under c o n t r o l  of t h e  magnetic t a p e  v e l o c i t y - s i g n a l  c o n t r o l  
system, t h e  s u b j e c t  was informed of t h e  a c t u a l  headway (150 f t . )  
and was t o l d  t o  t r y  t o  ma in ta in  t h a t  headway throughout  t h e  
t r i a l  by modulat ing h i s  speed wi th  t h e  b rake  and a c c e l e r a t o r  
peda l s .  The v e l o c i t y  s i g n a l  c o n t r o l  t a p e  was then  s t a r t e d ,  
a l t h o u g h  a c t u a l  d a t a  a c q u i s i t i o n  d i d  n o t  b e g i n  u n t i l  t h e  l e a d  
c a r  r eached  a  speed  of  abou t  50 mph. The s u b j e c t  was occas ion -  
a l l y  prompted d u r i n g  t h e  t r i a l  a s  t o  h i s  a c t u a l  headway. Data 
a c q u i s i t i o n  ended a s  t h e  l e a d  c a r  slowed a t  t h e  end o f  t h e  t r i a l ,  
p r i o r  t o  coming t o  a  s t o p .  
During t e s t i n g  s u b j e c t s  were a l lowed t o  view t h e  s i m u l a t e d  
s c e n e  w i t h  t h e i r  dominant eye  o n l y ,  t h e  non-dominant eye  b e i n g  
occ luded  by an opaque g l a s s .  I n t e r - t r i a l  i n t e r v a l s  were t y p i -  
c a l l y  5 m i n u t e s ,  s o  t h a t  t h e  t o t a l  t e s t  p e r i o d  f o r  each  s u b j e c t  
( i n c l u d i n g  i n s t r u c t i o n  time) on each  day r e q u i r e d  app rox ima te ly  
one hou r .  The overhead lamps i n  t h e  s i m u l a t o r  were n o t  u s e d ,  i n  
o r d e r  t o  s i m u l a t e  n i g h t  d r i v i n g .  
I n d e ~ e n d e n t  V a r i a b l e s  
The independen t  v a r i a b l e s  were:  
1. S i d e - t a s k :  w i t h  s i d e - t a s k ,  w i t h o u t  s i d e - t a s k .  
2 .  S i d e - t a s k  luminance:  0 .8  f l ,  0.08 f l .  
3.  Lead c a r  s i g n a l  mode: s t o p ( S ) ,  t u r n ( T ) ,  s t o p  fo l l owed  
by t u r n  (S tT)  , t u r n  fo l l owed  by s t o p  ( T t S ) .  (Response - - 
t i m e s  t o  t h e  second s i g n a l  o n l y  i n  combina t ion  s i g n a l s  
were used  i n  t h e  a n a l y s i s . )  
4 .  Lead c a r  r e a r  l i g h t i n g  sys tem:  sys tem 1, sys tem 8 
( F i g u r e  5 )  . 
The two l e a d  c a r  r e a r  l i g h t i n g  sys tem c o n f i g u r a t i o n s  
employed had been e v a l u a t e d  i n  e a r l i e r  road  and s i m u l a t o r  s t u d i e s .  
System 1 r e p r e s e n t s  t h e  c o n v e n t i o n a l  au tomobi le  r e a r  s i g n a l i n g  
sys tem w i t h  two r e d  lamps which each  s e r v e  a s  p r e sence  ( t a i l ) ,  
s t o p ,  and t u r n  lamps. System 8 employs f u n c t i o n a l  s e p a r a t i o n  
and c o l o r  coding  of each  s i g n a l  with green  p r e s e n c e ,  red s t o p ,  
and ye l low  t u r n  lamps.  I n  bo th  l i g h t i n g  sys t ems ,  p r e s e n c e  lamps 
were  o p e r a t e d  a t  1 0  cd and s i g n a l  lamps were o p e r a t e d  a t  130 cd .  
Dependent V a r i a b l e s  




FIGURE 5 .  THE REAR LIGHTING SYSTEI4S USED. 
P=PRESENCE (TAILLIGHT)  , S=STOP , 
T=TURN, R = R E D ,  Y=YELLOW, C.=-GREEN. 
1. Response t o  s i d e - t a s k  s i g n a l s :  
a .  response  t ime 
b .  e r r o r  f requency 
2 .  Response t ime  t o  s i g n a l s  g iven  by t h e  l e a d  c a r  
3. Headway maintenance:  
a .  headway mean and v a r i a n c e  ( f o r  t h e  e n t i r e  t e s t  
i n t e r v a l )  
b .  a b s o l u t e  r e l a t i v e  v e l o c i t y  mean and v a r i a n c e  ( f o r  
t h e  e n t i r e  t e s t  i n t e r v a l )  
Exper imental  Design 
Each s u b j e c t  was t e s t e d  on two consecu t ive  days  a t  approxi -  
mately  t h e  same t ime  of day. Four t r i a l s  (two wi th  each l i g h t -  
i n g  system,  w i th  and wi thou t  t h e  s i d e - t a s k  p r e s e n t )  were made on 
each  day ,  a t  one l e v e l  of s i d e - t a s k  s t i m u l u s  lamp i n t e n s i t y  
(Tab le  5 ) .  The des ign  was comple te ly  coun te rba l anced  g iven  t h e  
s t i p u l a t i o n  t h a t  p a i r s  of t r i a l s  w i t h i n  s u b j e c t s  were made w i t h  
t h e  same r e a r  l i g h t i n g  sys tems .  
The s i g n a l  response  t ime  d a t a  were ana lyzed  i n  a  f i v e -  
f a c t o r  a n a l y s i s  of v a r i a n c e ,  w i t h  f a c t o r s  of s i g n a l  mode ( f o u r  
l e v e l s ) ,  s i d e - t a s k  s t i m u l u s  lamp i n t e n s i t y  ( two l e v e l s ) ,  s i d e -  
t a s k  p re sence  (two l e v e l s ) ,  s i g n a l  system (two l e v e l s ) ,  and 
s u b j e c t s  ( f o u r  l e v e l s ) .  Headway maintenance d a t a  were ana lyzed  
s i m i l a r l y ,  w i t h  t h e  s i g n a l  mode f a c t o r  omi t t ed .  S t a t i s t i c a l  
t e s t s  were n o t  performed on t h e  response  times t o  t h e  s i d e - t a s k .  
Response t ime  and e r r o r  f requency means were found,  however, by 
s i d e - t a s k  s t i m u l u s  lamp i n t e n s i t y  and s i g n a l  system. 
Because of  t h e  n a t u r e  of t h e  d e s i g n ,  d i f f e r e n c e s  i n  r e sponse  
times t o  s i g n a l s  of t h e  l i g h t i n g  systems and i n  t h e  headway 
measures a t t r i b u t a b l e  t o  t h e  s i d e - t a s k  i n t e n s i t y  f a c t o r  were 
examined through t h e  s i d e - t a s k  lamp i n t e n s i t y  and s i d e - t a s k  
p re sence  i n t e r a c t i o n ,  s i n c e  t h e  i n t e n s i t y  f a c t o r  was i r r e l e v a n t  
when t h e  s i d e - t a s k  was n o t  p r e s e n t .  
TABLE 5. LXPERIIYIEKTAL DESIGN OF THE l iEI,1< 1 IGI.Ifl 'INC 
SIMULATOR SIDE-TASK 1:XPERIMI'NT'. 
-- 
Test Day 1 -7 
R e s u l t s  
Side-Task Performance 
S t a t i s t i c a l  t e s t s  were n o t  performed on t h e  s i d e - t a s k  pe r -  
formance d a t a .  The mean r e a c t i o n  times t o  t h e  s i d e - t a s k  s i g n a l s  
p r e s e n t e d  h e r e  s e r v e  mainly t o  v e r i f y  t h a t  s u b j e c t s  d i d  respond 
t o  t h e  s i d e - t a s k  and d i d  s o  i n  a  comparable  manner a c r o s s  s i g n a l  
sy s t ems .  
Side-Task Reac t ion  Time - Table  6 p r e s e n t s  mean r e s p o n s e  
times t o  t h e  s i d e - t a s k  by s i d e - t a s k  s t i m u l u s  lamp i n t e n s i t y  and 
s i g n a l  system.  Mean r e s p o n s e  t imes  t o  s i d e - t a s k  s i g n a l s ,  a s  a  
f u n c t i o n  of  r e a r  l i g h t i n g  sys tem,  were n e a r l y  e q u i v a l e n t  (0.80 
s e c , ,  sys tem 1 and 0.78 s e c . ,  sys tem 8)  i n d i c a t i n g  t h a t  s u b j e c t s  
responded comparably r e g a r d l e s s  of tile s i g n a l  sys tem used .  A 
l a r g e r  d i f f e r e n c e  i n  mean r e a c t i o n  times i s  e v i d e n t  between 
l e v e l s  o f  s t i m u l u s  lamp i n t e n s i t y  (0 .85  s e c .  a t  t h e  low i n t e n s i t y ,  
0.73 s e c .  a t  t h e  h i g h  i n t e n s i t y ) ,  This  d i f f e r e n c e  i s  p a r t l y  
a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  rise-time c h a r a c t e r i s t i c s  o f  
t h e  lamps u s e d ,  a s  well a s  t h e i r  i n t e n s i t i e s ,  and i s  c o n s t a n t  
a c r o s s  s i g n a l  sy s t ems .  
Side-Task E r r o r  Ra tes  - Table  6 a l s o  l i s t s  t h e  mean r a t e s  
o f  missed s t i m u l i  and commission e r r o r s  ( r e spond ing  when no 
s i d e - t a s k  s i g n a l  i s  p r e s e n t ) ,  by s t i m u l u s  lamp i n t e n s i t y  and 
s i g n a l  system.  Although s l i g h t l y  more s t i m u l i  were missed  b o t h  
i n  sys t em 1 (1 .7% missed  w i t h  system 1, 1 , 3 %  sys tem 8 )  and a t  
t h e  low s t i m u l u s  i n t e n s i t y  l e v e l  (1 .78 missed a t  l o w  i n t e n s i t y ,  
1 , 3 %  missed a t  h i g h  i n t e n s i t y )  t h e  magni tudes  of  t h e  d i f f e r e n c e s  
a r e  s m a l l ,  and i n d i c a t e  f u n c t i o n a l l y  comparable  performance 
a c r o s s  c o n d i t i o n s .  The same c o n c l u s i o n  may b e  drawn conce rn ing  
f r e q u e n c i e s  of e r r o r s  o f  commission ( 1 . 2 %  sys tem 1, 2 . 0 %  sys tem 8 ;  
1 . 9 %  low s t i m u l u s  i n t e n s i t y ,  1 .3% h i g h  s t i m u l u s  i n t e n s i t y ) .  
Reac t ion  T i m e s  t o  S t o p  and Turn S i g n a l s  of Rear L i g h t i n g  Systems 
A l l  r e s p o n s e  times were t r ans fo rmed  t o  Log,, and t h e s e  
v a l u e s  were used i n  a  f i v e - f a c t o r  a n a l y s i s  o f  v a r i a n c e .  S i g n i f i -  
20 
TABLE 6 .  MEAN RESPONSE TIMES TO SIGNALS OF THE SIDE-TASK, PERCENT 
SIGNALS MISSED, AND PERCENT ERRORS OF COMMISSION. 
'percent stimuli missed = (number missed/number 
presented) x 100. 
'percent commission errors = (number commission errors/ 
number of stimuli presented) x 1 0 0 .  
Condition 
System 1 
System 8  
Low Intensity Side-Task 
High Intensity Side-Task 
Low Intensity Side-Task 
with System 1 
Low Intensity Side-Task 
with System 8  
High Intensity Side-Task 
with System 1 
High Intensity Side-Task 
with System 8 
i 
c a n t  (pc .01 )  main e f f e c t s  o f  s i d e - t a s k  p r e s e n c e  and s i g n a l  sys t em,  
and a  s i g n i f i c a n t  ( p < . 0 1 )  S i g n a l  Flode and S i g n a l  System i n t e r -  
a c t i o n  were found. F i g u r e  6 i l l u s t r a t e s  t h e  s i d e - t a s k  main e f f e c t ,  
and shows t h a t  t h e  p r e s e n c e  of  t h e  s i d e - t a s k  i n c r e a s e d  geomet r i c  
mean r e s p o n s e  t i m e s  app rox ima te ly  2 1 . 5 %  ( f rom 0 .845  s e c . t o  1 ,027  
s e c . ) o v e r  t h o s e  w i t h o u t  t h e  s i d e - t a s k .  The S i g n a l  Mode and S i g n a l  
System i n t e r a c t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  7 .  A Tukey ( b )  t e s t  
performed on t h e  s i g n a l  sys t em g e o m e t r i c  means w i t h i n  s i g n a l  modes 
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V 
System 1 8 
S t o p  
1 8  
Turn  
S i g n a l  Mode 
FIGURE 7 .  GEOMETRIC MEAN RESPONSE IrIms TO 
SIGNALS OF TWO REAR LIGHTING SYSTEMS. 
combinat ion s i g n a l  modes ( t u r n + s t o p  -and s t o p + t u r n ) ,  w i t h  mean - 
r e sponse  t imes  s i g n i f i c a n t l y  g r e a t e r  w i t h  s i g n a l s  of sys tem 1. 
Geometric mean r e sponse  t imes  were e q u i v a l e n t  i n  t h e  s t o p  and 
t u r n  modes. 
The l a c k  of s i g n i f i c a n t  S t imu lus  I n t e n s i t y  and Side-Task,  
and Side-Task P re sence  and S i g n a l  System i n t e r a c t i o n s  i n d i c a t e  
t h a t  t h e  l o a d i n g  e f f e c t s  of t h e  s i d e - t a s k  were e q u i v a l e n t  a c r o s s  
t h e  s t i m u l u s  i n t e n s i t i e s  and s i g n a l  sys tems  used .  
Ana lys i s  of Measures of Car-Following Performance - Analyses  
of  v a r i a n c e  were performed on mean headway, mean a b s o l u t e  r e l a -  
t i v e  v e l o c i t y ,  headway v a r i a n c e ,  and a b s o l u t e  r e l a t i v e  v e l o c i t y  
v a r i a n c e  d a t a .  No s i g n i f i c a n t  e f f e c t s  were found i n  t h e  mean 
r e l a t i v e  v e l o c i t y ,  r e l a t i v e  v e l o c i t y  v a r i a n c e ,  o r  headway v a r i -  
ance  a n a l y s e s .  The mean headway a n a l y s i s  showed a  s i g n i f i c a n t  
( p c . 0 5 )  Side-Task I n t e n s i t y  and Side-Task P re sence  i n t e r a c t i o n .  
A Tukey (b )  t e s t  performed on t h e  s i d e - t a s k  p re sence  means w i t h i n  
i n t e n s i t i e s  showed mean headway ( 2 1 4 . 4  f t . )  w i t h  t h e  s i d e - t a s k  
a t  low i n t e n s i t y  t o  be  g r e a t e r  t h a n  i n  t h e  co r r e spond ing  condi -  
t i o n  w i t h o u t  t h e  s i d e - t a s k  (176 .3  f t . ) ,  a s  shown i n  F i g u r e  8 .  
I n t e n s i t y :  (Lo) ( H i )  Lo H i  
w i t h o u t  w i t h  
s i d e - t a s k  s i d e - t a s k  
FIGURE 8 .  MEAN HEADWAY WITHOUT THE SIDE- 
TASK, AND WITH THE SIDE-TASK AT 
THE LOW AND H I G H  INTENSITIES, 
F i g u r e s  9-12 i l l u s t r a t e  t h e  s i d e - t a s k  main e f f e c t s  o f  
mean r e l a t i v e  v e l o c i t y ,  r e l a t i v e  v e l o c i t y  v a r i a n c e ,  mean headway, 
and headway v a r i a n c e  r e s p e c t i v e l y .  A l l  measures  a r e  i n c r e a s e d  
when t h e  s i d e - t a s k  i s  p r e s e n t ,  b u t  t h e  d i f f e r e n c e s  were n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .  
D i s t r i b u t i o n s  o f  Response Times t o  S i g n a l s  o f  t h e  Rear 
L i g h t i n g  Systems - F i g u r e  1 3  p r e s e n t s  cumula t ive  p e r c e n t a g e  d i s -  
t r i b u t i o n s  of r e s p o n s e  t i m e s  t o  a l l  s i g n a l  modes combined f o r  
each  s i g n a l  sys tem,  w i t h  and w i t h o u t  t h e  s i d e - t a s k ,  showing 
t h a t  t h e  s i d e - t a s k  i n c r e a s e d  r e a c t i o n  times t o  t h e  s i g n a l s .  
D i scuss ion  
The s i d e - t a s k  h a s  been shown t o  e f f e c t i v e l y  l o a d  s u b j e c t s '  
i n f o r m a t i o n  p r o c e s s i n g  c a p a b i l i t i e s  by s i g n i f i c a n t l y  i n c r e a s i n g  
r e s p o n s e  times t o  s i g n a l s  o f  t h e  r e a r  l i g h t i n g  sys tems  and 
d e c r e a s i n g  t h e  accu racy  o f  headway maintenance i n  terms o f  mean 
headway. These decrements  i n  performance d i d  n o t  i n t e r a c t  s i g -  
n i f i c a n t l y  w i t h  t h e  s i g n a l  sys tems  ( sys t ems  1 and 8 )  o r  s i g n a l  
modes (T, S,  S-tT, - and T-tS) - employed. D i f f e r e n c e s  i n  i n t e n s i t y  
o f  t h e  s i d e - t a s k  s t i m u l u s  larnps had no e f f e c t  on s t o p / t u r n  
s i g n a l  r e s p o n s e  t i m e s ,  b u t  d i d  a f f e c t  headway main tenance ,  a s  
t h e  mean headway was s i g n i f i c a n t l y  i n c r e a s e d  by t h e  s i d e - t a s k  
a t  t h e  low s t i m u l u s  lamp i n t e n s i t y  o n l y .  For t h i s  r e a s o n ,  t h e  
low s i d e - t a s k  i n t e n s i t y  w i l l  be used i n  dawn/dusk o r  n i g h t  d r i v -  
i n g  s i m u l a t i o n s .  The h i g h  i n t e n s i t y  w i l l  be used w i t h  h i g h e r  
ambient  l e v e l s ,  a s  i n  d a y l i g h t  o r  e a r l y  even ing  s i m u l a t i o n s .  
Al though t h e  s i d e - t a s k  produced t h e  d e s i r e d  e f f e c t  o f  
i n c r e a s i n g  r e s p o n s e  times t o  s i g n a l s ,  s i g n i f i c a n t  changes  i n  
c a r - f o l l o w i n g  b e h a v i o r  ( o t h e r  t h a n  mean headway) were n o t  found. 
S t u d i e s  employing l a r g e r  samples  o f  s u b j e c t s  may e s t a b l i s h  
headway v a r i a n c e  and r e l a t i v e  v e l o c i t y  mean and v a r i a n c e  e f f e c t s ,  
s i n c e  n o n - s i g n i f i c a n t  b u t  f a i r l y  l a r g e  d i f f e r e n c e s  i n  t h o s e  
measures  were found ( F i g u r e s  9-12) i n  t h i s  s tudy .  
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side-task side-task side-task side-task 
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WITH AND WITHOUT THE VARIANCE WITH AND 
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2 6  
EVALUATION OF REAR LIGHTING SYSTEMS I N  NORMAL 
SIMULATEL) CAR-FOLLOWING CONDITIONS 
O b j e c t i v e s  
O b j e c t i v e s  o f  t h i s  s t u d y  were  t o  e v a l u a t e  a  number o f  con- 
v e n t i o i l a l  and e x p e r i m e n t a l  v e h i c l e  r e a r  s i g n a l i n g  sys t ems  i n  a  
s i m u l a t i o n  of  normal c a r - f o l l o w i n g  u s i n g  measures  o f  t h e  i den -  
t i f i c a t i o n  o f  s t o p  and t u r n  s i g n a l s  and c a r - f o l l o w i n g  p e r f o r -  
mance. 
Method 
S u b i e c t s  
A t o t a l  o f  1 0  male and female  d r i v e r s ,  w i t 1 1  normal c o l o r  
v i s i o n ,  were used  a s  s u b j e c t s .  There  were  1 female  and 9 ma le s ,  
aged  between 2 2  and 4 4  y e a r s .  
P rocedure  
The S i m u l a t o r  - The r e a r  l i g h t i n g  and c a r - f o l l o w i n g  simu- 
l a t o r  u sed  i n  tilis s t u d y  h a s  a l r e a d y  been d e s c r i b e d .  
I n  t h i s  s t u d y ,  a t  t h e  s t a r t  o f  each  t r i a l ,  t h e  l e a d  v e h i c l e  
was p o s i t i o n e d  a t  a  s i m u l a t e d  d i s t a n c e  o f  150 f t .  The o p e r a t i n g  
c l i a r a c t e r i s t i c s  o f  each  o f  trie s i g n a l  lamps on t h e  r e a r  o f  t h e  
v e h i c l e  were s e t  i n  acco rdance  w i t h  t h e  r e q u i r e m e n t s  f o r  t h e  
p a r t i c u l a r  r e a r  l i g h t i n g  s y s t e m  b e i n g  e v a l u a t e d  i n  t h a t  r u n .  
The c o l o r s  o f  t h e  lamps were  changed ,  a s  n e c e s s a r y ,  by chang ing  
f i l t e r  h o l d e r s  i n  f r o n t  o f  e a c h  lamp, and t h e  i n t e n s i t y  was s e t  
Ly a p p r o p r i a t e  c o n t r o l s  on t h e  s i m u l a t o r ' s  c o n t r o l  p a n e l .  
I n  day t ime  s i m u l a t i o n s ,  t h e  ove rhead  l i g h t s  i n  t h e  simu- 
l a t o r  were t u r n e d  o n ,  p r o v i d i n g  a b o u t  50 f t - c  o f  v e r t i c a l  i l l u -  
m i n a t i o n  on t h e  roadway, t h e r e b y  s i m u l a t i n g  low ambien t  day t ime  
l i g h t i n g  c o n d i t i o n s .  I n  n i g h t t i m e  s i m u l a t i o n s ,  t h e  ove rhead  
l i g h t s  were  t u r n e d  o f f ,  w h i l e  roadway i l l u m i n a t i o n  i n  t h e  v i c i n i t y  
of t h e  s u b j e c t ' s  v e h i c l e  was prov ided  by an overhead lamp, t o  
s i m u l a t e  t h e  h e a d l i g h t s  o f  h i s  own v e h i c l e  i l l u m i n a t i n g  t h e  
roadway and t h e  l e a d  v e h i c l e  i f  i t  was w i t h i n  a p p r o p r i a t e  range .  
I n  t h a t  c o n d i t i o n ,  t h e  speedometer was s u i t a b l y  i l l u m i n a t e d  t o  
a l low t h e  s u b j e c t  t o  r e a d  i t  wi th  ea se .  I n  daytime s i m u l a t i o n s  
t n e  luminance of  t h e  s i d e - t a s k  lamps was 0 . 8  FL and lowered t o  
0 . 0 8  FL i n  n i g h t  s i m u l a t i o n s .  
1- Cont ro l  
of t h e  speed-time h i s t o r y  of t h e  l e a d  c a r  d u r i n g  r u n s ,  and t h e  
t y p e  of sequence of r e a r  l i g h t i n g  system s i g n a l s  t h a t  were pre-  
s e n t e d  by i t ,  was c o n t r o l l e d  by means of an i n p u t  t a p e ,  made 
s p e c i f i c a l l y  f o r  t h i s  t e s t .  This  was made by d r i v i n g  a  v e h i c l e  
on a l im i t ed -acces s  road  and r e c o r d i n g  i t s  speed a s  w e l l  a s  t u r n  
s i g n a l ,  b r ake  and a c c e l e r a t o r  r e l e a s e  e v e n t s .  For each s e c t i o n  
of t a p e  t o  be  made, t h e  sequence of s i g n a l  p r e s e n t a t i o n s  were 
de te rmined  beforehand s o  t n a t  i n s t r u c t i o n s  could  be given t o  t h e  
d r i v e r  of t h e  c a r  t o  e n s u r e  t h a t  t h e  same sequence would appear  
on t i le  t a p e .  When b rake  s i g n a l s  were g iven ,  t h e  v e h i c l e  b rake  
peda l  was a p p l i e d  s o  t n a t  t h e  v e h i c l e  began t o  slow down. Simi- 
l a r l y ,  c o a s t i n g  s i g n a l s  were i n i t i a t e d  by having t h e  d r i v e r  
r e l e a s e  t h e  a c c e l e r a t o r  f o r  s h o r t  o r  l onge r  t ime p e r i o d s ,  a s  
deemed a p p r o p r i a t e  acco rd ing  t o  d a t a  o b t a i n e d  p r e v i o u s l y  
(Flort imer,  1 9 7 0 ) .  Various o r d e r s  of t h e s e  s i g n a l s  were used 
such t n a t  an e q u a l  number of s t o p ,  t u r n ,  s t o p  p reced ing  t u r n  
(S+T) and t u r n  preced ing  s t o p  ( T + S ) s i g n a l s  were shown. I t  w i l l  
be  e v i d e n t ,  i n  a d d i t i o n ,  t h a t  whenever b r ak ing  was involved  t h e  
a c c e l e r a t o r  was f i r s t  r e l e a s e d  wi th  an a p p r o p r i a t e  d i s t r i b u t i o n  
of t ime i n t e r v a l s  between a c c e l e r a t o r  r e l e a s e  and a p p l i c a t i o n  
of  t h e  b rake .  There were a l s o  some i n s t a n c e s  where t h e  a c c e l -  
e r a t o r  was r e l e a s e d ,  f o r  an a p p r o p r i a t e  d i s t r i b u t i o n  of t ime ,  
and then  r e a p p l i e d ,  w i thou t  b r ak ing .  Some c o a s t i n g  i n t e r v a l  
was a l s o  involved  when t h e  brake  p e d a l  was r e l e a s e d  b e f o r e  t h e  
a c c e l e r a t o r  was r e a p p l i e d .  
F i v e  s e c t i o n s  of t a p e ,  o f  t h i s  t y p e ,  were  u sed  i n  t h i s  
s t u d y ,  l a s t i n g  9 .2-10.4  minu te s .  I n  each  c a s e ,  t h e  l e a d  v e h i c l e  
would f i r s t  be  s t a t i o n a r y ,  a s  was t h e  a c t u a l  v e h i c l e  when t h e  
t a p e  was made. The l e a d  v e h i c l e  t h e n  a c c e l e r a t e d  t o  a  speed  o f  
a b o u t  50 mph, and t h e n  i n c u r r e d  s p e e d  v a r i a t i o n s  which were  
g e n e r a l l y  o f  a  minor  n a t u r e  such  a s  found i n  normal d r i v i n g  con- 
d i t i o n s  i n  modera te  t r a f f i c  d e n s i t y ,  w h i l e  s i g n a l s  were  a l s o  p re -  
s e n t e d ,  r e f l e c t i n g  t h e  b e h a v i o r  o f  t h e  l e a d  c a r .  I n  a l l  s y s t e m s ,  
s t o p  and t u r n  s i g n a l s  were  p r e s e n t e d  b o t h  s i n g l y  o r  i n  v a r i o u s  
corr tbinat ions ,  a s  a l r e a d y  d e s c r i b e d .  I n  t h o s e  sys t ems  i n  which 
v e h i c l e  c o a s t i n g  ( i . e . ,  a c c e l e r a t o r  r e l e a s e d )  was a l s o  d i s p l a y e d  
by a  s i g n a l  lamp, t h i s  would be  shown by t h e  r e a r  l i g h t i n g  s y s -  
t e m .  The maximum speed  was of  t h e  o r d e r  o f  60 mph, w h i l e  t h e  
speed  was mos t ly  between 40-60 mph. Tile mean s p e e d s  of  t h e  c a r  
r e c o r d e d  on t h e  f i v e  t a p e s  were 73.5-79.5 f t . / s e c , ,  and t h e  
s t a n d a r d  d e v i a t i o n s  of  each  were  7.4-9.9 f t . / s e c .  Each r u n  was 
conc luded  by t h e  v e h i c l e  coming t o  a  s t o p ,  a s  d i d  t h e  v e h i c l e  
u sed  f o r  making t h e  t e s t s  by p u l l i n g  o n t o  t h e  s h o u l d e r  and s t o p -  
p i n g .  
S u b j e c t s '  Task - The s u b j e c t s  were  i n s t r u c t e d  (Appendix 2 . A )  
t o  t r y  t o  m a i n t a i n  a  c o n s t a n t  headway d i s t a n c e  of 150 f t .  beh ind  
t h e  l e a d  c a r ,  and t o  r e spond  t o  s t o p  and t u r n  s i g n a l s  and s i g n a l s  
o f  t h e  s i d e - t a s k ,  a s  r a p i d l y  a s  p o s s i b l e  by d e p r e s s i n g  t h e  s w i t c h  
on t h e  f l o o r  pan w i t h  t h e  l e f t  f o o t  f o r  s t o p  s i g n a l s ,  and t h e  
thumb-operated s w i t c h e s  f o r  t u r n  s i g n a l s  and s i d e - t a s k  s i g n a l s .  
A t  t h e  end of  e v e r y  minute  i n  a  t e s t  r u n ,  t h e  s u b j e c t s  were  t o l d  
t h e  headway, i n  f e e t ,  e x i s t i n g  a t  t h a t  t i m e .  
Independen t  V a r i a b l e s  - Seven d i f f e r e n t  r e a r  l i g h t i n g  s y s -  
tems were e v a l u a t e d  i n  f o u r  s i g n a l  modes under  n i g h t  d r i v i n g  
s i m u l a t e d  c o n d i t i o n s ,  and t h r e e  of these e v a l u a t e d  under  day t ime  
c o n d i t i o n s .  I n  a d d i t i o n ,  each  s y s t e m  was e v a l u a t e d  w i t h  and 
wi t i i ou t  t h e  s i d e - t a s k  b e i n g  used .  Thus,  t h e  i ndependen t  v a r i -  
a b l e s  a r e  d e s c r i b e d  a s  f o l l o w s :  
1. Rear l i g h t i n g  system: sys tems  1, 3 ,  4 ,  8 ,  11, l tAPS,  
3tAPS used  i n  n i g h t  t e s t s .  Systems 1, 3 ( 4 )  , 8 (11) , 
used i n  day t ime  t e s t s .  
2 .  S i g n a l  mode: s t o p  ( S ) ,  t u r n  ( T ) ,  s t o p  fo l l owed  by t u r n  
(S+T) , t u r n  fo l lowed by s t o p  ( T + s )  . 
I - 
3 .  S i d e - t a s k :  w i t h  and w i t h o u t  s i d e - t a s k .  
The s i g n a l  sys tem number d e s i g n a t i o n s  used h e r e  a r e  t h e  
same a s  f o r  t h o s e  sys tems  which have been used  i n  p r e v i o u s  s t u d -  
i e s  (Mort imer ,  1969; 1970; 1971; 1 9 7 4 ) .  The c h a r a c t e r i s t i c s  
of t h e s e  s i g n a l  sys tems  a r e  d e s c r i b e d  i n  F i g u r e  1 4 .  I t  w i l l  b e  
n o t e d  t h a t  sys tems  3 and 4 ,  and 8 and 11, a r e  i d e n t i c a l  i n  day- 
time t e s t  c o n d i t i o n s ,  when t h e  p r e s e n c e  l i g h t s  a r e  n o t  used .  
The s i g n a l  lamps s i m u l a t e d  lamps of  6 i n .  d i a m e t e r ,  e x c e p t  t h o s e  
used i n  t h e  v e r t i c a l  a r r a y  of APS sys t ems .  Those lamps were 
4 .5  i n .  i n  s i m u l a t e d  d i a m e t e r .  P re sence  lamps,  i n  a l l  s y s t e m s ,  
were o p e r a t e d  a t  an e q u i v a l e n t  i n t e n s i t y  o f  1 0  cd w i t h  s i g n a l  
lamps a t  130 cd.  The g r e e n ,  ye l l ow  and r e d  lamps i n  t h e  v e r t i -  
c a l  s t a c k  used  i n  APS sys tems  were  o p e r a t e d  a t  1 0 ,  2 0 ,  and 30 c d ,  
r e s p e c t i v e l y .  These i n t e n s i t i e s  o f  t h e  v e r t i c a l  lamps i n  t h e  
APS sys tems  a r e  t h e  same a s  used  i n  t h e  road  d r i v i n g  s t u d i e s  
t o  be  d e s c r i b e d .  The n i g h t t i m e  i n t e n s i t i e s  were s e l e c t e d  
based  on p r e l i m i n a r y  judgments of d i s c o m f o r t  caused  by t h e s e  
h i g h e r  mounted lamps,  a s  viewed on a  c a r  used  i n  road  t es t s .  
Dependent V a r i a b l e s  - The dependent  v a r i a b l e s  used  t o  
measure t h e  performance of d r i v e r s  c o n s i s t e d  of r e s p o n s e  t imes  
t o  t h e  f o u r  s i g n a l  modes, r e s p o n s e  t imes  t o  s i g n a l s  o f  t h e  s i d e -  
t a s k ,  measures  of c a r - f o l l o w i n g  b e h a v i o r ,  a c c e l e r a t o r  and b r a k e  
c o n t r o l  u se  f r equency ,  and r a n k i n g s  o f  sys tem e f f e c t i v e n e s s  and 
p r e f e r e n c e .  
Response t i m e  t o  s i g n a l s  o f  t h e  r e a r  l i g h t i n g  systems - 
Response t imes  were measured t o  each  of  t h e  s i g n a l  modes. Where 
SYSTEM 1 SYSTEM 1 t A P S  
SYSTEM 3 
SYSTEM 4 
SYSTEM 3 t A P S  
SYSTEM 8 
SYSTEM 11 
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one s i g n a l  was p r e s e n t e d  a f t e r  a n o t h e r ,  t h e  r e s p o n s e  time was 
measured t o  t h e  second of t h e  two s i g n a l s .  
Response t ime  t o  s i g n a l s  o f  t h e  s i d e - t a s k  - The t ime  t o  
respond  t o  each  s i g n a l  o f  t h e  s i d e - t a s k  was a l s o  measured.  
Car - fo l lowing  measures - Mean headway, headway s t a n d a r d  
d e v i a t i o n ,  r e l a t i v e  v e l o c i t y  s t a n d a r d  d e v i a t i o n ,  fo l lowing-  
c a r  v e l o c i t y  s t a n d a r d  d e v i a t i o n ,  and fo l l owing -ca r  a c c e l e r a t i o n  
s t a n d a r d  d e v i a t i o n  were computed i n  each  run .  
C o n t r o l  a c t i v i t y  - The f requency  of a c c e l e r a t o r  r e l e a s e s  
and b r a k e  r e l e a s e s  were measured i n  each run .  
P r e f e r e n c e  r ank ings  - Systems were ranked  i n  terms of  e f f e c -  
t i v e n e s s  i n  p r e s e n t i n g  s i g n a l s ,  e f f e c t i v e n e s s  i n  p r o v i d i n g  i n f o r -  
mat ion f o r  c o n s t a n t  headway c a r - f o l l o w i n g ,  and o v e r a l l  p r e f e r -  
ence  f o r  a p p l i c a t i o n  t o  a l l  v e h i c l e s  on t h e  road .  
Exper imenta l  Design - Each s u b j e c t  made 2 0  r u n s  on t h e  simu- 
l a t o r ,  u s i n g  each  of t h e  f i v e  l e a d  v e h i c l e  i n p u t  t a p e  s e c t i o n s  
on f o u r  o c c a s i o n s .  Each of t h e  f i v e  i n p u t  t a p e s  were u sed  an 
e q u a l  number o f  t imes  i n  each  c o n d i t i o n ,  i n  t h e  t o t a l  exper iment .  
Each s u b j e c t  performed w i t h  each of t h e  seven  sys tems  a t  n i g h t  
and t h r e e  sys tems  i n  t h e  day t ime ,  w i t h  and w i t h o u t  t h e  s i d e - t a s k .  
Each s u b j e c t  was used on f i v e  c o n s e c u t i v e  t e s t i n g  d a y s ,  r e c e i v i n g  
two r e a r  l i g h t i n g  systems on each  day.  The s i d e - t a s k  was used  
w i t h  two t r i a l s  on each  day ,  w h i l e  i t  was n o t  used w i t h  t h e  o t h e r  
two t r i a l s .  The o r d e r i n g  of sys tems  was coun te rba l anced  a c r o s s  
s u b j e c t s ,  i n  such a  way t h a t  an e q u a l  number of sys tem and 
ambient  l i g h t i n g  c o n d i t i o n s  were o r d e r e d  i n  t h e  same p o s i t i o n s  
a c r o s s  all sub j ec t s  (Table  7 )  . 
The s u b j e c t s  used i n  t h e s e  t e s t s  e i t h e r  had p rev ious  e x p e r i -  
e n c e  i n  t h e  d r i v i n g  s i m u l a t o r ,  o r  t h e y  were g iven  some i n i t i a l  
f a m i l i a r i z a t i o n  r u n s ,  l a s t i n g  a  minimum of  one h o u r ,  b e f o r e  d a t a  
were c o l l e c t e d .  
TABLE 7 .  EXPERIMENTAL DESIGN OF THE REAR LIGHTING SIMULATOR 
NORMAL CAR-FOLLOSJING EXPERIMENT. 
" 1 f 
T e s t  Day 
* I n d i c a t e s  t r i a l s  I n  w h i c h  t h e  s i d e  t a s k  was u s e d .  
No te  - S i g n a l  s y s t e m s  are  r e p r e s e n t e d  by a c o d e ;  i . e . ,  1 - D =  
s y s t e m  1, d a y t i m e  s i m u l a t i o n ;  l e a d  v e h i c l e  i n p u t  t a p e s  a r e  




S u b j e c t s  
r 
1 & 6 
2 & 7  
3 & 8  
4 & 9  
t 




2  4" 
- 
4-N 
3*  5 
8-N 
3  1" 
1 1 - D  
2* 5  
1 1 - N  
4* 1 - 
1 - N  
3  5 *  
1tAPS-N 
4  2*  
3-N 
3*  1 
3tAPS-N 
5* 2  
- - -- - -- 
1 - D  




-- - - - - 
1 1 - D  
3* 1 
4-N 
2  5 * 




5  3* 
- 
3-N 
4* 2  
1 1 - N  
3 I* 
-- -- 
1 - D  
2* 5  
3-D 
5*  3 
1tAPS-N 
1 4 * 
3  
ItAPS-N 
l *  3  
. - - - - - - 
1 - N  
5 2* 
3  -N 
3  5" 
- 
3tAPS-N 
4 * 1 




4 2*  
8-N 
5*  2  
- -- 
3-D 
4  l *  
1 1 - D  
2 4* 
1 1 - N  
3* 5 
1 2 
1 - D  




1 1 - N  
2*  4 
3-U 
1 3* 
1 1 - D  
4  1 * 
-- 
1tAPS-N 
5" 2  
1 - N  
4 *  2 - 
3tAPS-N 
5  3  * 
4-N 
l *  3  
- 
3-N 
5 2  * 
3 -N 
l *  4  
- < 
1 1 - N  
2  5*  
1tAPS-N 
5  3* 
1 - D  
4  * 2  
3tAPS-N 
3  l *  
3-D 
2  * 5  
1 1 - D  
3  5 *  
4-N 
4  * 1 
1 - N  
3  * 1 
8  -N 
4 2" 
R e s u l t s  
A n a l y s i s  o f  Response Times t o  S i g n a l s  o f  t h e  Rear L i g h t i n g  Systems - 
Each r e s p o n s e  t ime  t o  s t o p  and t u r n  s i g n a l s  was t r ans fo rmed  
t o  n a t u r a l  l o g a r i t h m s  and s u b m i t t e d  t o  an a n a l y s i s  o f  v a r i a n c e ,  
w i t h  f i x e d  f a c t o r s  of r e a r  l i g h t i n g  sys t em,  s i g n a l  mode and s i d e -  
t a s k ,  w i t h  s u b j e c t s  a s  a  random f a c t o r .  S i g n i f i c a n t  (p<0 .01 )  main 
e f f e c t s  were found f o r  sys tem,  s i g n a l  mode and s i d e - t a s k ;  and s i g -  
n i f i c a n t  i n t e r a c t i o n s  were found w i t h  sys tem and s i g n a l  mode, 
s i d e - t a s k  and s i g n a l  mode, and s i d e - t a s k  and sys tem.  These i n t e r -  
a c t i o n s  were e v a l u a t e d  by Tukey ( b )  t e s t s .  
The cumula t i ve  p e r c e n t  d i s t r i b u t i o n s  of  t h e  r e s p o n s e  t i m e s  t o  
a l l  s i g n a l s  o f  sy s t ems ,  i n  t h e  day and n i g h t  t e s t s ,  a r e  shown i n  
F i g u r e  15 .  
Tile mean r e s p o n s e  time o f  each  sys tem i n  each  s i g n a l  mode i n  
t h e  n i g h t t i m e  t e s t  i s  shown i n  Table  8 and F i g u r e  16 .  The r e s u l t s  
o f  i n d i v i d u a l  comparisons  i n  t h e  n i g h t t i m e  t e s t  a r e  a l s o  shown i n  
Table  8 .  I n  t h e  s t o p  mode sys tem 3+APS produced a s i g n i f i c a n t l y  
lower  mean r e s p o n s e  t ime  t h a n  sys tem 3. No o t h e r  d i f f e r e n c e s  
between sys tems  i n  t h i s  s i g n a l  mode were s i g n i f i c a n t .  I n  t h e  
t u r n  s i g n a l  mode t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  mean 
r e s p o n s e  t i m e s .  I n  t h e  T-tS mode t h e  mean r e s p o n s e  t i m e  t o  t h e  - 
s t o p  s i g n a l  o f  sys tem 3+APS was s i g n i f i c a n t l y  lower  t h a n  sys tems  
1 and 1tAPS. I n  t h e  S+T mode, t h e  mean r e s p o n s e  t i m e s  o f  sys tems  - 
ill  3+APS, 8 ,  4 and 3 were s i g n i f i c a n t l y  lower  t h a n  sys tems  1 
and l+APS. 
I n  t h e  day t ime  t e s t ,  t h e  ana logous  r e s u l t s  a r e  shown i n  
Table  9 and F i g u r e  1 7 .  The o n l y  s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  
i n  t h e  S+T mode, i n  which mean r e s p o n s e  t i m e s  t o  sys tems  3 and - 
11 were s i g n i f i c a n t l y  lower  t h a n  t o  sys tem 1. 
The mean r e sponse  t imes  of t h e  s i g n i f i c a n t  i n t e r a c t i o n  of 
s i g n a l  mode and s i d e - t a s k  a r e  shown i n  F i g u r e  18 .  The mean 
TABLE 8 .  GEOlilETRIC MEAN RESPOlJSE TIMES (SECONDS) TO 
SIGNALS OF REAR LIGHTING SYSTEMS I N  
NIGHT D R I V I N G  SIMULATION. 
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S y s t e m  
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. 8 8  







1 . 2 0  
- 9 1  
. 8 5  
8 1 . 9 1  
I n d i v i d u a l  Compar i sons  Between Mean Response  Times .  
Sys  tem S y s  tern 
1. S t o p :  3tAPS S i g n i f i c a n t l y  l o w e r  
mean r e s p o n s e  time 
t h a n  
2 .  T u r n :  d o n e  - - - 
3.  Turn'Stop: 3tAPS S i g n i f i c a n t l y  l o w e r  
mean r e s p o n s e  time 
t h a n  1, 1+APS 
4 .  Stop-+Turn.: 11, 3+APSl S i g n i f i c a n t l y  l o w e r  
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FIGURE 1 5 .  CUMULATIVE PERCENTAGE DISTRIBUTIONS OF RESPONSE T I U S  
TO ALL SIGNALS BY REAR LIGHTING SYSTEMS I N  THE DAY 
AND NIGHT SIMULATIONS. 
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Sys tem:  1 3 4 8 11 1+3+ 
APS APS 
Turn  S i g n a l  Mode 
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FIGURE 1 6 .  GE0:IIETRIC MEAN RESPONSE TINES TO EACH SIGNAL MODE FOR 
EACH REAR LIGHTING SYSTEM I N  THE NIGHT SIMULATION. 
Sys tem:  1 3 11 1 3 11 1 3 11 1 3 11 
S t o p  T u r n  T-t S - S-tT -
S i g n a l  Mode 
FIGURE 1 7 ,  GEOI.IETRIC MEAN RESPONSE TIMES TO EACH 
SIGNAL MODE FOR EACH REAR LIGHTING 
SYSTEM I N  THE DAY SIMULATION. 
S i g n a l  Mode 
FIGURE 18 .  GEOMETRIC MEAN RESPONSE TIMES TO EACH 
SIGNAL MODE VJITH AND WITHOUT THE S I D E -  
TASK, IN DAY &IUD NIGHT SIMULATIONS, 
TABLE 9.  GEOMETRIC MEAN RESPONSE TIMES (SECONDS) TO 
SIGNALS OF REAR LIGHTING SYSTEMS, I N  DAY 
D R I V I N G  SIMULATION. 




11 ( & 8 )  
Sys tem Sys tem 
I I 
I 1- S t o p  : 
Sys tem 
Me a n  
.96  
- 8 6  
. 8 8  
S i g n a l  Mode 
1 2.  T u r n :  
S t o p  
- 8 7  
.89 
. 8 5  
None S i g n i f i c a n t l y  l o w e r  mean -- 
r e s p o n s e  time t h a n  
None S i g n i f i c a n t l y  l o w e r  mean 
r e s p o n s e  time t h a n  -- 
Turn 
. 9 1  
. 8 8  
.89 
3. Turn+Stop:  None S i g n i f i c a n t l y  l o w e r  mean 
r e s p o n s e  time t h a n  -- 1 
4 .  S top+Turn :  3,  11 S i g n i f i c a n t l y  l o w e r  mean 





r e s p o n s e  times w i t h  t h e  s i d e - t a s k  were s i g n i f i c a n t l y  g r e a t e r  t h a n  
w i t h o u t  t h e  s i d e - t a s k ,  i n  a l l  s i g n a l  modes. The s i g n i f i c a n t  
i n t e r a c t i o n  i s  due t o  t h e  d i f f e r e n c e s  be tween  mean r e s p o n s e  times 
among t h e  s i g n a l  modes,  w i t h i n  e a c h  s i d e - t a s k  c o n d i t i o n ,  which i s  
o f  l i t t l e  i n t e r e s t  t o  t h i s  s t u d y .  When t h e  s i d e - t a s k  was p r e s e n t ,  
mean r e s p o n s e  times t o  t h e  s t o p  and T+S modes were less  t h a n  t h e  - 
o t h e r  two modes. W i t h o u t  a  s i d e - t a s k ,  mean r e s p o n s e  times t o  t h e  
t u r n  and  T+S modes were  less  t h a n  t o  t h e  s t o p  mode. - 
S-tT - 
1 .19  
.84 
.95  
The mean r e s p o n s e  t i m e s  i n  t h e  i n t e r a c t i o n  o f  system and s i d e -  
t a s k  a r e  shown i n  Tab le  1 0 .  The r e s u l t s  o f  i n d i v i d u a l  compar i sons  
between t h e s e  means i n d i c a t e d  t h a t  t h e  e f f e c t  o f  t h e  s i d e - t a s k  was 
t o  i n c r e a s e  mean r e s p o n s e  t i m e s  i n  a l l  sys tems  compared t o  p e r f o r -  
mance w i t h o u t  i t ,  a s  c l e a r l y  shown i n  Tab le  1 0 .  
I n  a d d i t i o n ,  i n  t h e  n i g h t  t e s t ,  w i t h  t h e  s i d e - t a s k  p r e s e n t ,  t h e  
mean r e s p o n s e  time t o  s i g n a l s  o f  system 3tAPS was s i g n i f i c a n t l y  low- 
er t h a n  sys tems  1 and ItAPS, w h i l e  t h e  mean r e s p o n s e  time t o  system 
11 was s i g n i f i c a n t l y  l e s s  t h a n  system 1. Without  t h e  s i d e - t a s k  
t h e r e  were more s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  o v e r a l l  mean r e -  
ponse times t o  sys tems .  The mean r e s p o n s e  t i m e ,  w i t h o u t  t h e  s i d e -  
t a s k ,  f o r  system 3tAPS was s i g n i f i c a n t l y  lower  t h a n  l tAPS, 1 and 3 .  
Systems 11 and 8 had s i g n i f i c a n t l y  lower  mean r e s p o n s e  t i m e s  t h a n  
sys tems  1tAPS and 1. System 4 had a  s i g n i f i c a n t l y  lower  mean re- 
sponse  t i m e  t h a n  system 1tAPS. 
I n  t h e  day t ime  t e s t ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  
i n  o v e r a l l  mean r e s p o n s e  t i m e s  between t h e  sys tems  (Systems 1, 3 ,  
11) w i t h  o r  w i t h o u t  t h e  s i d e - t a s k .  
Missed S i s n a l s  
Of t h e  1600 s i g n a l s  p r e s e n t e d  f o r  which r e sponse  t i m e s  were 
measured,  o n l y  two s i g n a l s  were n o t  d e t e c t e d .  Thus, no a n a l y s e s  
were performed on t h i s  v a r i a b l e .  
Response Time A n a l y s i s  t o  Side-Task S i g n a l s  
The t i m e  t o  respond  t o  s i g n a l s  o f  t h e  s i d e - t a s k  lamps was mea- 
s u r e d  c o n t i n u o u s l y  d u r i n g  each  day t ime  and n i g h t t i m e  s i m u l a t i o n  run .  
I n  o r d e r  t o  d e t e r m i n e  i f  t h e r e  were d i f f e r e n c e s  i n  t h e  r e s p o n s e  
t i m e s  t o  t h e  s i d e - t a s k  when f o l l o w i n g  t h e  l e a d  v e h i c l e  w i t h  d i f f e r -  
e n t  r e a r  l i g h t i n g  sys t ems ,  a n  a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  
on t h e  r e s p o n s e  times t o  t h e  s i d e - t a s k ,  i n  each  sys tem,  i n  t h e  day  
and n i g h t  tes ts .  The a n a l y s i s  showed t h a t  t h e r e  were no d i f f e r -  
e n c e s  between t h e  mean r e s p o n s e  times on t h e  s i d e - t a s k  between t h e  
sys tems  i n  e a c h  ambient  l i g h t i n g  c o n d i t i o n .  The o n l y  e f f e c t  was 
TABLE 1 0 .  GEOMETRIC MEAN RESPONSE TIMES (SECONDS) TO 
SIGNALS OF REAR LIGHTING SYSTEMS WITH AND 
WITHOUT THE SIDE-TASK, I N  THE DAY AND NIGHT 
D R I V I N G  SIMULATION. 
S y s t e m ,  i n  Day 





S y s t e m ,  i n  N i g h t  






~ + A P S  
3tAPS 
S ide-Task  Mean 
I n d i v i d u a l  Compar isons  Between Mean Response  Times 
S y s t e m  Sys  tem 
I n  d a y  t e s t ,  S i g n i f i c a n t l y  l o w e r  
w i t h  s i d e - t a s k  : None mean r e s p o n s e  time t h a n  - 
I n  day  t e s t ,  S i g n i f i c a n t l y  l o w e r  
w i t h o u t  s i d e - t a s k :  None mean r e s p o n s e  time t h a n  - 
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  l o w e r  
w i t h  s i d e - t a s k :  3tAPS ,11 mean r e s p o n s e  time t h a n  1 
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  l o w e r  
w i t h  s i d e - t a s k :  3tAPS mean r e s p o n s e  time t h a n  1tApS 
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  l o w e r  
w i t h o u t  s i d e - t a s k :  3+APS,11f8 ,4  mean r e s p o n s e  time t h a n  1tApS 
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  l o w e r  
w i t h o u t  s i d e - t a s k  : 3tAPS, l l , 8  mean r e s p o n s e  time t h a n  1 
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  l o w e r  




S ide-Task  
b 
1 . 0 8  
1 .00 
1 .04  
1 . 0 8  
.95  
- 9 8  
.96  
.90  
1 . 0 1  
.85  
. 9 8  
f 
W i t h o u t  




. 9 1  
. 8 5  
. 7 8  
.76 
. 74 
. 9 2  
.72  
, 8 0  
due t o  t h e  mean r e s p o n s e  t i m e s  t o  the s i d e - t a s k  i n  t h e  day t ime  t e s t  
b e i n g  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  i n  t h e  n i g h t t i m e  t e s t .  
Car-Fol lowina Measures 
On each  s i m u l a t o r  run  t h e  performance of  s u b j e c t s  i n  c a r -  
f o l l o w i n g  was measured.  The a n a l o g  v a l u e s  of  t h e s e  v a r i a b l e s  
were d i g i t i z e d  a t  30 H z ,  and t h e s e  d a t a  s u b s e q u e n t l y  used i n  
f u r t h e r  a n a l y s e s .  
Mean Headway - The mean headway (Tab le  11) m a i n t a i n e d  by 
s u b j e c t s  i n  each  run  was s u b m i t t e d  t o  an a n a l y s i s  o f  v a r i a n c e .  
No s i g n i f i c a n t  e f f e c t s  were found.  The o v e r a l l  mean headway 
m a i n t a i n e d  was 146.2 f t .  , which i s  c l o s e  t o  t h e  headway o f  150.0 
f t ,  which t h e  s u b j e c t s  were asked  t o  m a i n t a i n .  The mean headways 
m a i n t a i n e d  by s u b j e c t s  were 141.4-159.2 f t .  




With s i d e - t a s k  147.2 
Without  s i d e - t a s k  1 4 5 . 1  
System, i n  
day s i m u l a t i o n  1 143.5 
3  1 4 1 . 2  
11 1 4 5 . 1  
System, i n  n i g h t  
/ 1 148.6 3 148.4 
4 148 .7  




Range of  means 141.4-159.2 
between s u b j e c t s  - 
Headway S t a n d a r d  D e v i a t i o n  - Tl le  s t a n d a r d  d e v i a t i o n  of  t h e  
a 
headway m a i n t a i n e d  i n  e a c h  run by a  s u b j e c t  was computed,  and an 
a n a l y s i s  o f  v a r i a n c e  c a r r i e d  o u t  on t h o s e  v a l u e s .  The main 
e f f e c t s  o f  s i d e - t a s k  and r e a r  l i g h t i n g  sys t em were  s i g n i f i c a n t  
a t  t h e  0 . 0 5  l e v e l .  The p r e s e n c e  of  t h e  s i d e - t a s k  l e d  t o  g r e a t e r  
v a r i a b i l i t y  i n  headway t h a n  w i t h o u t  it. However, a Tukey ( b )  
t e s t  f a i l e d  t o  r e v e a l  any s i g n i f i c a n t  d i f f e r e n c e s  i n  mean s t a n d a r d  
d e v i a t i o n  ( T a b l e  1 2 )  between t h e  s y s t e m s ,  
TABLE 1 2 .  I.1EA.N STANDARD DEVIATION OF HEADWAY 
I N  FEET. 
I Mean SD 1 
/ With s i d e - t a s k  
I Without  s i d e - t a s k  22.9 
System,  i n  day 
s i m u l a t i o n  
I 
, 
; System,  i n  n i g h t  
I 
I s i m u l a t i o n  
! 
1 Range o f  mean SD 
/ between s u b j e c t s  
I 
I n d i v i d u a l  compar i sons  between mean SD 
of  headway. 
Wi thout  s i d e - t a s k  s i g n i f i c a n t l y  lower  means 
t h a n  w i t h  s i d e - t a s k .  
S t a n d a r d  Dev ia t i on  o f  R e l a t i v e  V e l o c i t y  - The means o f  t h e  
s t a n d a r d  d e v i a t i o n s  of r e l a t i v e  v e l o c i t y  i n  each  l e v e l  o f  t h e  
s i d e - t a s k  and t h e  r e a r  l i g h t i n g  sys tems  i n  t h e  day and n i g h t  
s i m u l a t i o n s  a r e  shown i n  Tab le  13.  An a n a l y s i s  o f  v a r i a n c e  
showed t h a t  t h e  main e f f e c t s  o f  t h e  s i d e - t a s k  and r e a r  l i g h t i n g  
sys tem were s i g n i f i c a n t .  
STANDARD DEVIATION 




With s i d e - t a s k  4.6 
Without  s i d e - t a s k  4 .2  
System,  i n  day 
s i m u l a t i o n  3.9 
3.9 
4 . 2  
System, i n  n i g h t  







Range o f  mean SD 
between s u b j e c t s  3.1-5.4 
I n d i v i d u a l  comparisons  between mean SD of 
r e l a t i v e  v e l o c i t y .  
I n  n i g h t  t e s t ,  sys tem 3+APS s i g n i f i c a n t l y  
lower  mean t h a n  sys tem 4 .  
Without  s i d e - t a s k  s i g n i f i c a n t l y  lower  mean 
t h a n  w i t h  s i d e - t a s k .  1 
A Tukey ( b )  t e s t  on r e a r  l i g h t i n g  sys t ems  showed t h a t  t h e r e  
were no d i f f e r e n c e s  between sys t ems  i n  t h e  mean s t a n d a r d  d e v i a -  
t i o n  o f  t h e  r e l a t i v e  v e l o c i t y  i n  t h e  day t ime  s i m u l a t i o n .  I n  t h e  
n i g h t  s i m u l a t i o n  sys t em 3+APS r e s u l t e d  i n  s i g n i f i c a n t l y  lower  
mean s t a n d a r d  d e v i a t i o n  of r e l a t i v e  v e l o c i t y  t h a n  sys t em 4 ,  a t  
t h e  0.05 l e v e l  o f  s i g n i f i c a n c e .  The v a r i a b i l i t y  o f  r e l a t i v e  
v e l o c i t y  was l e s s  w i t h o u t  t h e  s i d e - t a s k  t h a n  w i t h  t h e  s i d e - t a s k .  
S t a n d a r d  D e v i a t i o n  o f  Fol lowing-Car  V e l o c i t y  - The s t a n d a r d  
d e v i a t i o n  of t h e  v e l o c i t y  of t h e  f o l l o w i n g - c a r  ( i . e . ,  t h e  s u b j e c t ' s  
c a r )  o b t a i n e d  i n  e a c h  r u n  was s u b j e c t e d  t o  an a n a l y s i s  o f  v a r i -  
a n c e ,  w i t h  t h e  f i n d i n g  t h a t  no e f f e c t s  were  s t a t i s t i c a l l y  s i g n i f i -  
c a n t .  The mean v a l u e s  of  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  f o l l o w i n g -  
c a r  v e l o c i t y  a r e  shown i n  T a b l e  1 4 .  
TABLE 1 4 ,  IZEMJ STANDARD DEVIATION OF FOLLOWING- 




With s i d e - t a s k  9 . 4  
Wi thout  s i d e - t a s k  9.4 
System,  i n  day 
s i m u l a t i o n  9.2 
9 . 1  
9 . 3  
System,  i n  n i g h t  
s i m u l a t i o n  9 .6  
9.5 
9.6 
9 .5  
9.6 
9 . 3  
9.3 
Range of  mean S D  
between s u b j e c t s  8 .7-9.8  
* J 
S t a n d a r d  Dev ia t ion  o f  Following-Car A c c e l e r a t i o n  - The mean 
s t a n d a r d  d e v i a t i o n s  of  fo l lowing-ca r  a c c e l e r a t i o n  i n  t h e  l e v e l s  
of t h e  s i d e - t a s k  and r e a r  l i g h t i n g  sys tem v a r i a b l e s  a r e  shown i n  
Tab le  15 .  An a n a l y s i s  of  v a r i a n c e  showed t h a t  t h e r e  was a  s i g -  
n i f i c a n t  main e f f e c t  o f  r e a r  l i g h t i n g  sys t ems ,  a t  t h e  0.05 l e v e l ,  
b u t  a  Tukey ( b )  t e s t  between sys tems  d i d  n o t  f i n d  any comparisons 
s i g n i f i c a n t .  
TABLE 15 .  MEAN STNJDARD D E V I A T I O N  OF FOLLOWING- 
CAR ACCELERATION I N  FT./SEC. 
I Mean SD 1 
I With s i d e - t a s k  2.7 1 
( Without  s i d e - t a s k  
2 * 6  I 
System, i n  day 
s i m u l a t i o n  
System, i n  n i g h t  
s i m u l a t i o n  
Range of  mean SD 
between s u b j e c t s  2.0-3.6 
b L 
C o n t r o l  A c t i v i t x  
C o n t r o l  a c t i v i t y  was measured i n  te rms  of  t h e  f requency  of  
r e l e a s e s  o f  t h e  a c c e l e r a t o r  p e d a l  and a p p l i c a t i o n s  of t h e  b rake  
p e d a l ,  during each  run .  
A c c e l e r a t o r  Re lease  Frequency A n a l y s i s  - An a n a l y s i s  of 
v a r i a n c e  of t h e  a c c e l e r a t o r  p e d a l  r e l e a s e  f r equency ,  showed 
t h a t  t h e r e  was a  s i g n i f i c a n t  main e f f e c t  due t o  t h e  s i d e - t a s k ,  
a s  w e l l  a s  a  t a s k  and sys tem i n t e r a c t i o n .  
Table  16 shows t h e  mean f requency  of  a c c e l e r a t o r  p e d a l  
r e l e a s e s  f o r  each  sys tem,  w i t h  and w i t h o u t  t h e  s i d e - t a s k .  Tukey 
( b )  t e s t s  on t h i s  i n t e r a c t i o n  showed t h a t  t h e  mean f requency  o f  
a c c e l e r a t o r  p e d a l  r e l e a s e s  was s i g n i f i c a n t l y  l e s s  w i t h  system 4 
t h a n  systems 8 a n d  1+APS w i t h  t h e  s i d e - t a s k ,  w h i l e  t h e r e  were no 
d i f f e r e n c e s  between systems w i t h o u t  t h e  s i d e - t a s k .  Also ,  t h e r e  
were s i g n i f i c a n t l y  fewer  a c c e l e r a t o r  r e l e a s e s  w i t h  t h e  s i d e - t a s k  
p r e s e n t  t han  w i t h o u t  i t ,  i n  sys tems  1 and 3 i n  t h e  day s imula-  
t i o n  and 1 and 4 i n  t h e  n i g h t  s i m u l a t i o n .  
Brake A p p l i c a t i o n  Frequency A n a l y s i s  - An a n a l y s i s  of v a r i -  
J 
ance  of t h e  f requency  o f  b rake  a p p l i c a t i o n s  showed t h a t  t h e r e  
were no s i g n i f i c a n t  e f f e c t s  a t t r i b u t a b l e  t o  t h e  s i d e - t a s k  o r  t h e  
r e a r  l i g h t i n g  sys tems .  The mean f r e q u e n c i e s  of  b rake  a p p l i c a -  
t i o n s  w i t h  and w i t i ~ o u t  t h e  s i d e - t a s k ,  and f o r  each  of  t h e  r e a r  
l i g h t i n g  sys t ems ,  a r e  shown i n  Table  1 7 .  There was a  l a r g e  d i s -  
t r i b u t i o n  o f  mean f r e q u e n c i e s  of b rake  a p p l i c a t i o n s  made by t h e  
d r i v e r s .  
P r e f e r e n c e  Rankings 
A t  t h e  c o n c l u s i o n  o f  p a r t i c i p a t i o n  i n  t h e  expe r imen t ,  t h e  
s u b j e c t s  rank o r d e r e d  t h e  systems i n  te rms  of  t h e i r  e f f e c t i v e n e s s  
i n  g i v i n g  s i g n a l s ,  f o r  p r o v i d i n g  i n f o r m a t i o n  t o  m a i n t a i n  a  con- 
s t a n t  headway i n  c a r - f o l l o w i n g ,  and t h e i r  o r d e r  o f  p r e f e r e n c e  of  
t h e  r e a r  l i g h t i n g  sys tems  f o r  use  on a l l  v e h i c l e s .  
Ranking of S i g n a l  E f f e c t i v e n e s s  - The mean r a n k s  of  t h e  - 
judged e f f e c t i v e n e s s  i n  p r e s e n t i n g  s t o p  and t u r n  s i g n a l s  o f  t h e  
t h r e e  sys tems  used i n  t h e  dayt ime s i m u l a t i o n  and t h e  seven sys -  
TABLE 1 6 .  MEAN FREQUENCY OF ACCELERATOR RELEASES 
BY SIDE-TASK AND REAR LIGHTING SYSTEM. 
T 
With Wi thou t  
S ide-Task  S ide-Task  
Sys tem,  i n  day 
s i m u l a t i o n  
/ Sys tem,  i n  n i g h t  
1 s i m u l a t i o n  
I 
1 Range o f  means 
between s u b j e c t s  
I n d i v i d u a l  Comparisons  Between Mean 
F r e q u e n c i e s  of A c c e l e r a t o r  R e l e a s e s  
Sys tem Sys tem 
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  f ewe r  a c c e l -  
w i t h  s i d e - t a s k :  4 e r a t o r  r e l e a s e s  t h a n  8 ,  1+-S 
I n  n i g h t  t e s t ,  - - - 
w i t h o u t  s i d e - t a s k :  None 
I n  day  t e s t ,  w i t h  - - - - 
& w i t h o u t  s i de - t a sk :Non e  
I n  day  t e s t ,  w i t h  S i g n i f i c a n t l y  f ewe r  a c c e l -  w i t h o u t  
s i d e - t a s k :  1, 3 e r a t o r  r e l e a s e s  t h a n  s i d e - t a s k  
I n  n i g h t  t e s t ,  S i g n i f i c a n t l y  f ewe r  a c c e l -  w i t h o u t  
w i t h  s i d e - t a s k :  1, 4 e r a t o r  r e l e a s e s  t h a n  s i d e - t a s k  
TABLE 17 .  mAN FREQUENCY OF BRAKE APPLICATIONS. 
- I - -  
Me an 
Frequency -J 
With s i d e - t a s k  14 .0  
Wi thout  s i d e - t a s k  1 4 . 7  
System,  i n  day 
s i m u l a t i o n  14 .3  
14 .2  
1 3 . 3  
System,  i n  n i g h t  
s i m u l a t i o n  1 4 . 1  
1 5 . 3  
15.7  
16 .0  
14.6  
14 .2  
12 .0  
Range of  means 
between s u b j e c t s  6 .8-25 .2  . 
tems used  i n  t h e  n i g h t t i m e  s i m u l a t i o n ,  a r e  shown i n  Tab le  1 8 .  
An a n a l y s i s  of v a r i a n c e  on t h e  day t ime  r a n k i n g s  showed a  
s i g n i f i c a n t  e f f e c t  due  t o  sys tems .  I n d i v i d u a l  compar i sons  o f  
t h e  mean r a n k  a c h i e v e d  by t h e  t h r e e  sys t ems  i n  t h e  day t ime  t e s t ,  
showed t h a t  sy s t ems  11 and 3  were judged a s  more e f f e c t i v e  i n  
p r e s e n t i n g  s t o p  and t u r n  s i g n a l s  t h a n  sys t em 1. 
A n a l y s i s  o f  v a r i a n c e  of  t h e  r a n k s  a s s i g n e d  t o  sys t ems  i n  
t h e  n i g h t t i m e  t e s t  a l s o  showed a  s i g n i f i c a n t  main e f f e c t  o f  
sy s t ems .  I n d i v i d u a l  compar i sons  between mean sys tem r a n k i n g s  
showed t h a t  sy s t ems  8 ,  11, 4 and 3+APS were ranked  s i g n i f i c a n t l y  
more e f f e c t i v e  t h a n  sys t ems  1 and 1tAPS; and sys t ems  8 ,  11 and 4 
were ranked  s i g n i f i c a n t l y  more e f f e c t i v e  t h a n  sys t em 3. 
TABLE 1 8 .  MEAN RANKS* OF SYSTEMS BY PERCEIVED 
EFFECTIVENESS OF SIGNALS I N  DAY AIJD 
NIGHT TESTS. 
- -- 
Ranking o f  System E f f e c t i v e n e s s  i n  P r o v i d i n g  Headway I n f o r -  
L 
m a t i o n  - The mean r a n k s  a s s i g n e d  t o  s y s t e m s  on t h e i r  p e r c e i v e d  
Me an 
Rank - 
Sys tem,  i n  day 
s i m u l a t i o n  1 2 . 8  
3  1 . 6  
11 1 .6  
System,  i n  n i g h t  
s i m u l a t i o n  1 6.3  
3  5 . 0  
4 2 . 8  
8  2.2 
11 2 . 7  
l+APS 5 . 6  
3+APS 3.4 
* 
P o s s i b l e  r a n g e  o f  mean r a n k s :  
1 ( b e s t )  - 3 ( p o o r e s t )  i n  day t e s t  
1 ( b e s t )  - 7 ( p o o r e s t )  i n  n i g h t  t e s t  
I n d i v i d u a l  Comparisons Between Mean Ranks 
System System -
I n  day t e s t  1 1 , 3  S i g n i f i c a n t l y  more 
e f f e c t i v e  t h a n  1 
I n  n i g h t  t e s t  8 , 1 1 , 4 ,  S i g n i f i c a n t l y  more 
3+APS e f f e c t i v e  t h a n  1,1+APS 
8 , 1 1 , 4  S i g n i f i c a n t l y  more 
e f f e c t i v e  t h a n  3 
e f f e c t i v e n e s s  i n  p r o v i d i n g  i n f o r m a t i o n  o f  headway w i t h  t h e  l e a d  
c a r ,  i n  t h e  day and n i g h t  t e s t s ,  a r e  shown i n  Tab le  19 .  
TABLE 19 .  l4EAN RANI<S* OF SYSTEMS BY PERCEIVED EFFECTIVE- 
NESS I N  PROVIDING HEADWAY INFORMATION I N  
CAR-FOLLOWING. 
Analyses  o f  v a r i a n c e  on t h e  r a n k i n g s  showed t h a t  t h e r e  were 
s i g n i f i c a n t  e f f e c t s  between sys tems  i n  b o t h  day and n i g h t  t e s t s .  
The r e s u l t s  o f  i n d i v i d u a l  comparisons  between t h e  mean r a n k s ,  by 
A 
r 4 Me an 
Rank - 
Sys tems ,  i n  day s i m u l a t i o n  1 2.7 
3 1 .6  
11 1 .7  
Sys tems ,  i n  n i g h t  s i m u l a t i o n  1 6 .3  




1tAPS 4 . 3  
3tAPS 3.2 
* 
P o s s i b l e  r ange  o f  mean r a n k s :  l ( b e s t )  - 3 ( p o o r e s t )  
i n  day t e s t  
1 ( b e s t )  - 3  ( p o o r e s t )  
i n  n i g h t  t e s t  
I n d i v i d u a l  Comparisons Between Mean Ranks 
System System 
I n  day t e s t  3 ,  11 S i g n i f i c a n t l y  more 
e f f e c t i v e  t h a n  1 
I n  n i g h t  t e s t  1 1 1 8 ,  S i g n i f i c a n t l y  more 
3tAPS,4 e f f e c t i v e  t han  
L 
1 
Tukey ( b )  t e s t s ,  on t h e  day t ime  s i m u l a t i o n  showed t h a t  sys tems  
3 and 11 were p e r c e i v e d  a s  more e f f e c t i v e  t h a n  sys t em 1. I n  
t h e  n i g h t  t e s t ,  sys tems  11, 8 ,  3tAPS and 4 were judged more 
e f f e c t i v e  t h a n  sys t em 1. 
Ranking o f  Systems by P r e f e r e n c e  f o r  Use on A l l  V e h i c l e s  - 
The mean r a n k i n g s  o f  sys tems  by p e r c e i v e d  p r e f e r e n c e  f o r  u s e  on 
a l l  v e h i c l e s ,  i n  t h e  day and n i g h t  s i m u l a t i o n  s t u d i e s ,  a r e  shown 
i n  Tab le  2 0 .  An a n a l y s i s  o f  v a r i a n c e  on t h e  r a n k i n g s  o f  sys tems  
i n  t h e  day t ime  t e s t  showed a  s i g n i f i c a n t  e f f e c t  due t o  sys t ems .  
I n d i v i d u a l  comparisons  between t h e  mean r a n k i n g s  of  sy s t ems  i n  
t h e  day t ime  t e s t ,  showed t h a t  sys tems  11 and 3 were s i g n i f i c a n t l y  
p r e f e r r e d  t o  sys t em 1. 
An a n a l y s i s  o f  v a r i a n c e  on t h e  r a n k i n g s  o f  sys tems  i n  t h e  
n i g h t  t e s t  a l s o  showed a s i g n i f i c a n t  e f f e c t  between sys tems .  
I n d i v i d u a l  comparisons  between t h e  mean r a n k s  of sys tems  i n  t h e  
n i g h t t i m e  t e s t  showed t h a t  sys tems  11, 8 ,  4 ,  3tAPS and 3 were 
s i g n i f i c a n t l y  p r e f e r r e d  t o  sys tem 1; sys tems  11, 8 and 4 were s i g -  
n i f i c a n t l y  p r e f e r r e d  t o  sys tem ItAPS; and sys tem 11 was s i g n i f i -  
c a n t l y  more p r e f e r r e d  t h a n  sys t em 3. 
TABLE 20. MEAN RANKS* OF SYSTEMS BY PREFERENCE 
FOR USE ON ALL VEHICLES. 
d 
Me a n  
Rank - 
S y s t e m s ,  i n  day  
s i m u l a t i o n  2 .9  
I 1 . 6  
1 . 5  
S y s t e m s ,  i n  n i g h t  
s i m u l a t i o n  6 . 2  
4.2 
3.0 
2 .6  
2 . 1  
5 .8  
4 . 1  
* 
P o s s i b l e  r a n g e  of mean r i i nks :  
1 ( b e s t )  - 3  ( p o o r e s t )  
i n  d a y  t e s t  
1 ( b e s t )  - 7 ( P o o r e s t )  
i n  n i g h t  t e s t  
I n d i v i d u a l  Compar isons  Between Mean Ranks 
Sys tem Sys  tern 
I n  d a y  t e s t  11, 3 S i g n i f i c a n t l y  more 
p r e f e r r e d  t h a n  1 
I n  n i g h t  t e s t  1 1 , 8 , 4 ,  S i g n i f i c a n t l y  more 
3+APS, 3 p r e f e r r e d  t h a n  1 
1 1 , 8 , 4 ,  S i g n i f i c a n t l y  more 
p r e f e r r e d  t h a n  1tAPS 
11 S i g n i f i c a n t l y  more 
p r e f e r r e d  t h a n  3 
ROAD TEST EVALUATION OF REAR LIGHTING SYSTEMS 
O b j e c t i v e s  
The purpose  of  t h i s  s t u d y  was t o  v a l i d a t e  t h e  r e a c t i o n  t ime  
f i n d i n g s  of  t h e  normal n i g h t t i m e  c a r - f o l l o w i n g  r e a r  l i g h t i n g  
s i m u l a t o r  exper iment  w i t h  a c t u a l  on-the-road measurements made 
w i t h  r e a r  l i g h t i n g  sys tems  1 and 11. 
Method 
Appara tus  
The l e a d ,  r e a r  l i g h t i n g  v e h i c l e  i s  shown i n  F i g u r e  1 9 .  
Seventeen  lamps and hous ings  a r e  mounted on t h e  r e a r  of t h e  c a r .  
Each lamp has  an e f f e c t i v e  d i ame te r  o f  3.5 i n s .  and i s  i n d i v i d -  
u a l l y  c o n t r o l l a b l e  f o r  i n t e n s i t y  and f u n c t i o n .  I n t e n s i t i e s  o f  
10 cd  f o r  p r e sence  and 130 cd f o r  s i g n a l s  were used f o r  b o t h  
sys tems  1 and 11, c o n t r o l l e d  by t h e  p a n e l  shown i n  F i g u r e  2 0 .  
The f o l l o w i n g  c a r ,  i n  which t h e  s u b j e c t s  r o d e ,  c o n t a i n e d  
s i g n a l  r e sponse  s w i t c h e s  f o r  t h e  s u b j e c t ,  r e a c t i o n  time c l o c k s ,  
and a c c e l e r a t o r  and b r a k e  a p p l i c a t i o n  c o u n t e r s .  The s u b j e c t -  
d r i v e r  had s t o p  and t u r n  r e sponse  pushbu t tons  mounted on t h e  
s t e e r i n g  wheel yoke and a f o o t  p e d a l  mounted on t h e  f l o o r  t o  
t h e  l e f t  of t h e  b rake  p e d a l  w i t h  which t o  respond t o  s i d e - t a s k  
l i g h t s  mounted on t h e  hood. The p a s s e n g e r - s u b j e c t  responded t o  
t h e  s i d e - t a s k  l i g h t s  and s t o p  and t u r n  s i g n a l s  w i t h  pushbu t tons  
mounted i n  a  s m a l l  box which he h e l d  i n  h i s  l ap ,  
The r e a c t i o n  t ime  c l o c k s  were s t a r t e d  by t e l e m e t e r e d  s i g n a l s  
from t h e  l e a d  car  a t  t h e  o n s e t  of t h e  s t o p  o r  t u r n  signal. The 
c l o c k s  were s topped  when t h e  s u b j e c t s  responded w i t h  t h e  appro- 
p r i a t e  b u t t o n  p r e s s e s .  Logic  c i r c u i t r y  o p e r a t e d  by t h e  e x p e r i -  
menter  enab led  d e t e c t i o n  of  i n c o r r e c t  r e sponses .  
FIGURE 1 9 .  REAR LIGHTING SYSTEMS TEST CAR 
USED AS THE LEAD VEHICLE. 
FIGURE 2 0 .  THE LAMP CONTROL AND MONITORING 
PANEL. 
The green  s i d e - t a s k  l i g h t s  mounted on t h e  hood o f  t h e  
fo l lowing  c a r  were l i g h t e d  i n  a  random o r d e r  a t  t h e  r a t e  of 
t e n  p e r  minute  and s t a y e d  on f o r  f o u r  seconds o r  u n t i l  bo th  
s u b j e c t s  responded t o  them. S ide - t a sk  response  d a t a  were n o t  
r eco rded ,  a l t hough  t h e  exper imenter  d i d  v e r i f y  t h a t  t h e  t a s k  
was be ing  performed p r o p e r l y  and t h a t  t h e  l i g h t s  were be ing  
e x t i n g u i s h e d  w i t h i n  about  one second of  t h e i r  o n s e t ,  The s i d e -  
t a s k  l i g h t s  had a  luminance of  3.3 FL. 
Procedure 
Both s u b j e c t s  rode  i n  t h e  f r o n t  s e a t  o f  t h e  fo l lowing  c a r  
w i t h  one of t h e  s u b j e c t s  a r b i t r a r i l y  s e l e c t e d  t o  d r i v e .  The 
s u b j e c t s  were r e a d  t h e  i n s t r u c t i o n s  shown i n  Appendix 2 B  which 
o u t l i n e d  t h e i r  t a s k s  and e x p l a i n e d  t h e  o p e r a t i o n  of  t h e  response  
swi t ches .  The exper imenter  rode  i n  t h e  back s e a t  and recorded  
response  t i m e s ,  e r r o r s ,  and a c c e l e r a t o r  r e l e a s e s  and b rake  a p p l i -  
c a t i o n s .  The d r i v e r  was i n s t r u c t e d  t o  t r y  t o  fo l low a t  
a  d i s t a n c e  of  150 f t .  behind t h e  l e a d  v e h i c l e .  The exper imenter  
had a  s imple  r a n g e f i n d e r  system which enab led  him t o  monitor  t h e  
a c t u a l  headway. Throughout t h e  s tudy  t h i s  d i s t a n c e  was checked 
and c o r r e c t e d  i f  t h e  v a r i a t i o n  became t o o  g ~ e a t  by i n s t r u c t i n g  
t h e  d r i v e r  t o  l eng then  o r  c l o s e  t h e  gap. The s t u d y  was conducted 
a t  n i g h t  on a  f o u r - l a n e ,  d i v i d e d  expressway. S u b j e c t s  were 
g iven  p r a c t i c e  i n  responding  t o  t h e  s i d e - t a s k  and s i g n a l s  a s  t hey  
drove  t o  t h e  expressway. Once on t h e  freeway, t h e  c o r r e c t  sepa-  
r a t i o n  d i s t a n c e  was ach ieved  and t h e  s t u d y  begun. The l e a d  c a r  
t r a v e l e d  a t  a  c o n s t a n t  50 mph. S i g n a l s  were p r e s e n t e d  a t  
i n t e r v a l s  of  30-90 s e c s .  and remained on f o r  approximate ly  6 s e c s .  
When one s i g n a l  fo l lowed a n o t h e r  i n  a  p a i r e d  p r e s e n t a t i o n ,  approxi -  
mate ly  5 s e c s .  e l a p s e d  between o n s e t s .  
A t o t a l  of  6 4  r e a c t i o n  t imes  were measured p e r  s u b j e c t  f o r  
each  system; h a l f  w i t h  t h e  s i d e - t a s k  and h a l f  w i t h o u t .  Within 
each  sys tem-s ide- task  c o n d i t i o n ,  e i g h t  p r e s e n t a t i o n s  of  each of 
t h e  f o u r  s i g n a l  modes were made i n  a  random o r d e r .  The o r d e r  o f  
sy s t em-s ide - t a sk  c o n d i t i o n s  was c o u n t e r b a l a n c e d  a c r o s s  s u b j e c t s .  
S u b j e c t s  were i n s t r u c t e d  t h a t  t h e  p r i o r i t y  o f  t a s k s  was: 
(1) d r i v i n g  t h e  v e h i c l e  s a f e l y ;  ( 2 )  r e spond ing  t o  t h e  s i d e - t a s k  
when used ;  ( 3 )  r e spond ing  t o  s i g n a l s  from t h e  l e a d  c a r ;  and 
( 4 )  m a i n t a i n i n g  a  headway of  150 f t .  
A t  t h e  end of  t h e  t e s t i n g ,  s u b j e c t s  used a  s even -po in t  s c a l e  
t o  r a t e  t h e  e f f e c t i v e n e s s  o f  each  sys tem " i n  e n a b l i n g  t h e  d r i v e r  
t o  m a i n t a i n  a  c o n s t a n t  headway o r  i n t e r - c a r  d i s t a n c e  d u r i n g  t h e  
t r i a l "  and " i n  communicating s t o p  and t u r n  s i g n a l s . "  A r a t i n g  
o f  1 was c o n s i d e r e d  "ex t r eme ly  e f f e c t i v e " ;  a  r a t i n g  of  7 was con- 
s i d e r e d  " n o t  a t  a l l  e f f e c t i v e . "  
R e s u l t s  
A n a l y s i s  o f  Response Times t o  S i g n a l s  o f  t h e  Rear  L i g h t i n g  Systems 
A l l  s i g n a l  r e s p o n s e  t imes  were t r ans fo rmed  t o  n a t u r a l  loga-  
r i t h m s  and were ana lyzed  i n  a  f i v e - f a c t o r  a n a l y s i s  o f  v a r i a n c e  w i t h  
f a c t o r s  o f  s i g n a l  mode ( a t  f o u r  l e v e l s :  s t o p ,  t u r n ,  t u r n  fo l lowed 
by s t o p ,  and s t o p  fo l lowed by t u r n ) ,  s i d e - t a s k  p r e s e n c e  ( a t  two 
l e v e l s ;  w i t h  and w i t h o u t  s i d e - t a s k ) ,  l i g h t i n g  sys tem ( a t  two 
l e v e l s ;  sys tems  1 and l l ) ,  s u b j e c t s  ( a t  f o u r  l e v e l s ;  f o u r  s u b j e c t s  
n e s t e d  under  each  o f  t h e  two l e v e l s  of t h e  s u b j e c t  p o s i t i o n  f a c t o r )  
and s u b j e c t  p o s i t i o n  ( a t  two l e v e l s ;  d r i v e r s  and p a s s e n g e r s ) .  Th i s  
a n a l y s i s  showed s i g n i f i c a n t  (pC0.01) main e f f e c t  of s i d e - t a s k  
p r e s e n c e  and s i g n a l  mode, and a  s i g n i f i c a n t  ( < 0 . 0 1 )  s i g n a l  mode 
and l i g h t i n g  sys tem i n t e r a c t i o n .  Table  2 1  shows t h e  geome t r i c  
mean r e s p o n s e  t imes  f o r  a l l  of  t h e  f i x e d  f a c t o r s  i n v e s t i g a t e d .  
From t h i s  t a b l e  it i s  e v i d e n t  t h a t  t h e  s i d e - t a s k  p r e s e n c e  main 
e f f e c t  i s  due t o  c o n s i d e r a b l y  lower  mean r e s p o n s e  t imes  when t h e  
s i d e - t a s k  i s  n o t  used.  The d i f f e r e n c e  i n  s i d e - t a s k  p re sence  means 
i s  0 . 1 8  s e c s . ,  and i s  i d e n t i c a l  i n  magni tude t o  t h e  d i f f e r e n c e  
found i n  t h e  s i m u l a t e d  d r i v i n g  s t u d y .  
TABLE 2 1 .  GEOMETRIC MEAN RESPONSE TIMES TO SIGNALS 
OF TWO REAR LIGHTING SYSTEMS, FOR 8 SUBJECTS 
I N  NIGHT D R I V I N G  ON AN EXPRESSWAY. 
I S i g n a l  mode S t o p  
Turn 
Geometr ic  
Mean Response 
Time (Seconds)  
T u r n 6  t o p  . 8 4  
S top+Turn - 1.06 
With 1 . 0 5  
Wi thout  . 8 7  I 
1 S u b j e c t  p o s i t i o n  D r i v e r  .92 
I I 
1 P a s s e n g e r  .99 I / s y s t e m  1 1 .00  I 
T a b l e  22 shows t h e  g e o m e t r i c  mean r e s p o n s e  t i m e s  t o  each  o f  
t h e  f o u r  s i g n a l  modes, f o r  sy s t ems  1 and 11. A n a l y s i s  o f  t h i s  
s i g n i f i c a n t  i n t e r a c t i o n ,  by a  Tukey ( b )  t e s t  showed t h a t  t h e  mean 
r e s p o n s e  t i m e  t o  t h e  t u r n  s i g n a l  i n  t h e  S+T mode o f  sy s t em 11 - 
was s i g n i f i c a n t l y  l e s s  t h a n  f o r  s y s t e m  1. No o t h e r  d i f f e r e n c e s  i n  
t h e s e  means were  s t a t i s t i c a l l y  s i g n i f i c a n t .  
Tlie c u m u l a t i v e  d i s t r i b u t i o n  o f  t h e  r e s p o n s e  times t o  a l l  
s i g n a l s  o f  e a c h  sys t em a r e  shown i n  F i g u r e  21 ,  and i n d i c a t e s  t h e  
somewhat b e t t e r  o v e r a l l  per formance  of  sy s t em 11. 
A n a l y s i s  o f  E r r o r s  and Missed S i a n a l s  
When a  s u h j e c t  r e sponded  i n c o r r e c t l y  t o  a  s i g n a l ,  b u t  sub-  
s e q u e n t l y  c o r r e c t e d  t h e  e r r o r  by d e p r e s s i n g  t h e  c o r r e c t  s w i t c h ,  
t h e  r e s p o n s e  was coun ted  as an e r r o r  and t h e  t o t a l  r e s p o n s e  time 
TABLE 22.  GEOMETRIC MEAN RESPONSE TIMES (SECONDS) 
TO SIGNAL MODES OF TWO REAR LIGHTING 
SYSTEMS, I N  THE NIGHT ROAD TESTS. 
I 
S i g n a l  Mode t 
Sys tem S t o p  Turn T-tS - S-tT .. 
1 . 8 9  .99 .87  1 . 3 3  
11 ,90 1 . 0 7  .84 . 8 1  
I n d i v i d u a l  Compar isons  Between 
Mean Response Times 
System Sys tem 
1. S t o p  None S i g n i f i c a n t l y  lower mean 
r e s p o n s e  time t h a n  - 
2 .  Turn None S i g n i f i c a n t l y  l o w e r  mean 
r e s p o n s e  time t h a n  - 
3. Turn-tStop None S i g n i f i c a n t l y  l o w e r  mean 
r e s p o n s e  time t h a n  - 
4 .  Stop-tTurn 11 S i g n i f i c a n t l y  lower mean 
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FIGURE 2 1 .  CUMULATIVE PERCENTAGE DISTRIBUTIONS OF RESPONSE TIIES 
TO REAR LIGHTING SYSTEMS 1 AND 11. 
was t aken  from t h e  i n i t i a t i o n  o f  t h e  s i g n a l  on t h e  l e a d  c a r  t o  
t h e  t i m e  t h e  c o r r e c t  r e s p o n s e  was made. The f r equency  o f  e r r o r s  
t o  each  of  t h e  f o u r  s i g n a l  modes and t h e  two r e a r  l i g h t i n g  s y s t e m s ,  
i s  shown i n  T a b l e  23, A t o t a l  o f  20 e r r o r s  were made t o  s i g n a l s  
o f  sys t em 1 and 22 e r r o r s  t o  t h o s e  o f  sys t em 11. There  a r e  c l e a r l y  
no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  f r e q u e n c i e s  o f  e r r o r s  a t t r i b u t -  
a b l e  t o  e i t h e r  t h e  s i g n a l  modes o r  t h e  r e a r  l i g h t i n g  sys t ems .  A 
t o t a l  of  42 e r r o r s  made i n  t h e  t e s t  r e 2 r e s e n t s  4 . 1 %  o f  t h e  1024 
s i g n a l s  p r e s e n t e d .  
TABLE 23.  FREQUENCY OF ERRORS AND MISSED SIGNALS TO SIGNAL 
MODES OF TWO REAR LIGHTING SYSTEMS, I N  THE N I G H T  
ROAD TEST. 
The f r equency  o f  missed  s i g n a l s  i n  e a c h  s i g n a l  mode f o r  t h e  
two r e a r  l i g h t i n g  sys t ems ,  i s  a l s o  shown i n  Tab le  23.  A s i g n a l  
was c o n s i d e r e d  t o  be missed  i f  an e r r o n e o u s  r e sponse  was made and 
n o t  s u b s e q u e n t l y  c o r r e c t e d ,  o r  i f  no r e s p o n s e  was made t o  a  s i g n a l  
w i t h i n  a  p e r i o d  of  t e n  seconds  from t h e  i n i t i a t i o n  o f  t h e  s i g n a l .  
The re  were a t o t a l  o f  11 s i g n a l s  mi s sed ,  which r e p r e s e n t  1 .07% of  
t h e  s i g n a l s  t h a t  were p r e s e n t e d .  There  a r e  no d i f f e r e n c e s  a t t r i -  
b u t a b l e  t o  t h e  v a r i a b l e s  o f  i n t e r e s t ,  i n  a f f e c t i n g  t h e  f r equency  
o f  missed  s i g n a l s .  
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FreqJency  o f  Missed S i g n a l s  
4 
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T o t a l  3 3 5 0  11 
. 
EVALUATION OF REAR LIGHTING SYSTEMS I N  UNUSUAL 
SIMULATED CAR-FOLLOWING CONDITIONS 
O b j e c t i v e s  
The o b j e c t i v e s  o f  t h i s  s t u d y  were t o  e v a l u a t e  t h e  l o n g i t u -  
d i n a l  c o n t r o l  performance o f  d r i v e r s  when sometimes exposed t o  
unusua l  c a r - f o l l o w i n g  c o n d i t i o n s ,  f o r  v a r i o u s  r e a r  l i g h t i n g  s y s -  
tems used on t h e  l e a d  v e h i c l e ,  s o  a s  t o  a l l o w  i n f e r e n c e s  t o  be  
made a s  t o  t h e i r  e f f e c t i v e n e s s  i n  c e r t a i n  c l a s s e s  o f  t h e s e  s i t u a -  
t i o n s ,  some of  which p r e d i s p o s e  d r i v e r s  t o  an i n c r e a s e d  l i k e l i -  
hood of  r ea r - end  c o l l i s i o n s .  
Fle thod  
S u b j e c t s  
Two female  and e i g h t  male d r i v e r s  were used i n  t h i s  t e s t ,  
between 2 0 - 4 4  y e a r s  o f  age .  Each of  t h e  s u b j e c t s  had some 
p r e v i o u s  e x p e r i e n c e  i n  d r i v i n g  t h e  s i m u l a t o r .  
The s u b j e c t s  p a r t i c i p a t e d  f o r  abou t  one hou r  i n  t h e  e x p e r i -  
ment on each  o f  t h r e e  s u c c e s s i v e  d a y s ,  d u r i n g  which t h e y  were 
g iven  an ave rage  of 30 t r i a l s .  A s h o r t  q u e s t i o n n a i r e  was adminis-  
t e r e d  t o  each  s u b j e c t  when t e s t i n g  was comple ted ,  t o  o b t a i n  
o p i n i o n s  of  t h e  u s e f u l n e s s  of t h e  l i g h t i n g  sys tems  t o  which t h e y  
had been exposed.  A l l  s u b j e c t s  had p r e v i o u s  e x p e r i e n c e  w i t h  t h e  
A c c e l e r a t o r  P o s i t i o n  S i g n a l  (APS) e i t h e r  a s  p a r t i c i p a n t s  i n  
e a r l i e r  s t u d i e s  o r  d u r i n g  f a m i l i a r i z a t i o n  r u n s  i n  p r e p a r a t i o n  f o r  
t h i s  t e s t .  None were g iven  any i n s t r u c t i o n s  o r  s u g g e s t i o n s  on 
how t o  i n t e r p r e t  t h e  v a r i o u s  modes of t h e  High D e c e l e r a t i o n  
S i g n a l  (HDS) . S u b j e c t s  were i n s t r u c t e d  n o t  t o  d i s c u s s  t h e  e x p e r i -  
ment o r  t h e  q u e s t i o n n a i r e  w i t h  each  o t h e r  u n t i l  a f t e r  comple t ion  
of  b o t h .  
The D r i v i n g  S i m u l a t o r  
The s i m u l a t o r  used i n  t h i s  s t u d y  i s  t h e  same a s  t h a t  a l r e a d y  
d e s c r i b e d ,  w i t h  some m o d i f i c a t i o n s  made f o r  t h i s  expe r imen t ,  The 
major  change was t h a t  a  v iewing  s h i e l d  was des igned  and c o n s t r u c -  
t e d ,  s o  t h a t  when i t  was c l o s e d  it would b lock  t h e  s u b j e c t ' s  
view of  t h e  l e a d  c a r ,  w h i l e  n o t  o b s t r u c t i n g  t h e  speedometer  d i s -  
p l a y i n g  t h e  v e l o c i t y  o f  h i s  own v e h i c l e .  The s h i e l d  c o u l d  be 
r a p i d l y  opened by e l e c t r o n i c  remote  c o n t r o l ,  expos ing  t h e  l e a d  
v e h i c l e .  
An a u d i o  t a p e  l o o p  was made of  t h e  l e a d  v e h i c l e ' s  o p e r a t i n g  
n o i s e  w h i l e  t r a v e l i n g  a t  h i g h  speed .  T h i s  n o i s e  was t h e n  p re -  
s e n t e d  t o  t h e  s u b j e c t  t h rough  ea rphones  worn t h r o u g h o u t  t h e  e x p e r i -  
ment.  T h i s  r e c o r d e d  n o i s e  was i n t e n d e d  t o  mask sounds which 
c o u l d  have g i v e n  c u e s  of  t h e  l e a d  v e h i c l e ' s  r e l a t i v e  v e l o c i t y  o r  
p o s i t i o n  w h i l e  t h e  viewing s h i e l d  was c l o s e d .  Thus,  t h e  r e c o r d e d  
n o i s e  was used t o  mask c u e s  t o  s u b j e c t s ,  s o  t h a t  t h e y  c o u l d  n o t  
a n t i c i p a t e  t h e  n a t u r e  o f  t h e  s cene  t h a t  was abou t  t o  be  p r e s e n t e d  
when t h e  s h i e l d  was opened. 
The Rear L i g h t i n g  Systems - The f o l l o w i n g  r e a r  l i g h t i n g  
sys t ems  were used  i n  t h e  e x p e r i m e n t ,  most of which have a l r e a d y  
been d e s c r i b e d  ( F i g u r e  1 4 )  : 
System 1 
System 1 t A c c e l e r a t o r  P o s i t i o n  S i g n a l  (APS) 
System 1 tHigh  D e c e l e r a t i o n  S i g n a l  (HDS), i n  f o u r  v a r i a t i o n s  
System 3  
System 3tAPS 
System 3+HDS, i n  f o u r  v a r i a t i o n s  
System 8 
System 11 
For  a l l  sys tems  t h e  p r e s e n c e  lamp i n t e n s i t y  was 1 0  c d ,  and 
t h e  s t o p  and t u r n  s i g n a l  lamp i n t e n s i t y  was 130 cd .  The t u r n  
s i g n a l  f l a s h  r a t e  was 1 . 5  Hz ,  w i t h  508 "on" t ime .  The t u r n  s i g n a l  
s t a r t e d  i n  t h e  "on" mode. Fo r  t h e  A c c e l e r a t o r  p o s i t i o n  s i g n a l  t h e  
i n t e n s i t i e s  were 30 cd f o r  r e d ,  20 cd  f o r  ye l l ow  and 10 cd f o r  
g r e e n ,  a s  used  b e f o r e  i n  t h e  n i g h t t i m e  s i m u l a t i o n  s t u d y .  
One form of  t h e  High Dece le ra t ion  S i g n a l  (HDS) c o n s i s t e d  of 
an a u x i l l i a r y  s t o p  s i g n a l  lamp which o p e r a t e d  i n  a  f l a s h i n g  mode 
whenever t h e  d e c e l e r a t i o n  of t h e  l e a d  v e h i c l e  exceeded 0.35 g ,  
t h e  f l a s h  r a t e  was 4 Hz, w i t h  50% "on" t i m ~ .  Th i s  a u x i l l i a r y  
lamp was mounted h i g h  up and i n  t h e  c e n t e r  of  t h e  r e a r  o f  t h e  
v e h i c l e  i n  t h e  same lamp compartments t h a t  were used f o r  t h e  r e d  
and ye l low lamps of  t h e  a c c e l e r a t o r  p o s i t i o n  s i g n a l .  I n  one o t h e r  
o p e r a t i n g  mode of  t h e  HDS, t h e  conven t iona l  s t o p  lamps of t h e  r e a r  
l i g h t i n g  system were used ,  b u t  f l a s h e d  a t  4 . 0  Hz when t h e  d e c e l e r -  
a t i o n  exceeded t h e  cu t -o f f  va lue .  
The h igh  d e c e l e r a t i o n  s i g n a l  was used i n  c o n j u n c t i o n  w i t h  
systems 1 and 3 ,  a s  f o l l o w s :  
1. The h igh  d e c e l e r a t i o n  s i g n a l  lamps were t h e  same a s  t h e  
s t o p  s i g n a l  lamps, o p e r a t e d  a t  130 cd (1 o r  3tHDS). 
2 .  The h igh  d e c e l e r a t i o n  s i g n a l  lamp was ye l low,  i n  t h e  
c e n t e r  of t h e  r e a r  of  t h e  v e h i c l e ,  a t  130 cd (1 o r  3tHDS-Y-130). 
3. The h igh  d e c e l e r a t i o n  s i g n a l  lamp was ye l low,  i n  t h e  
c e n t e r  of  t h e  r e a r  of  t h e  v e h i c l e ,  a t  1000 cd (1 o r  3tHDS-Y-1000). 
4 .  The h igh  d e c e l e r a t i o n  s i g n a l  lamp was r e d ,  i n  t h e  c e n t e r  
o f  t h e  r e a r  of  t h e  v e h i c l e ,  a t  1300 cd (1 o r  3tHDS-R-1000). 
The Test Scenes 
S i x t e e n  l e a d  c a r  v e l o c i t y - a c c e l e r a t i o n - s i g n a l  c o n d i t i o n s  were 
used ,  a s  shown i n  Table  2 4 .  These s i x t e e n  l e a d  c a r  c o n d i t i o n s  
were used w i t h  a l l  a p p l i c a b l e  l i g h t i n g  systems and c o n s t i t u t e d  
8 6  d i s c r e t e l y  d i f f e r e n t  s cenes  a f t e r  d u p l i c a t i o n s  among l i g h t i n g  
systems were e l i m i n a t e d .  One s c e n e ,  c o n s i s t i n g  of system 1 w i t h  
t h e  HDS a t  130 cd a p p l i e d  t o  t h e  conven t iona l  s t o p  lamps, was 
p r e s e n t e d  f o u r  t i m e s  i n  o r d e r  t h a t  t h e  e f f e c t s  of f a m i l i a r i z a t i o n  
o r  l e a r n i n g  cou ld  be  e v a l u a t e d .  A l t o g e t h e r ,  t h e r e f o r e ,  89 s cenes  
were used. 
TABLE 24. CHARACTERISTICS OF THE SIXTEEN BASIC CAR-FOLLOWING 
CONDITIONS TO W H I C H  SUBJECTS WERE EXPOSED. 
r 




I n i t i a l  
R e l a t i v e  
V e l o c i t y  
0  
t 1 0  mph 
-10  mph 
t 











T (S)  
S 
S 
( S )  1 (HDS) 
s ,  (HDS) 












1 4  
1 5  
16 b 
F i n a l  Lead 





I n i t i a l  
A c c e l e r a t i o n  
+ . 1  g 








The f o l l o w i n g  s i g n a l s  were d i s p l a y e d :  
T  = t u r n  s i g n a l  ( l e f t  o r  r i g h t ,  chosen randomly) .  
C = c o a s t  ( t h e  ye l l ow  lamp of t h e  APS; o t h e r w i s e  no s i g n a l ) .  
S  = s t o p  s i g n a l .  (S)  i n d i c a t e s  t h a t  t h e  s t o p  s i g n a l  was n o t  
on i n i t i a l l y ,  b u t  came on when t h e  b r a k e s  were s u b s e q u e n t l y  
a p p l i e d .  
(HDS) = h i g h  d e c e l e r a t i o n  s i g n a l  ( i n  a p p l i c a b l e  sys tems)  . 
The APS d i s p l a y e d  g reen  i n  c o n d i t i o n s  1-8 and ye l low i n  
c o n d i t i o n s  9 and 1 6 .  
I n  c o n d i t i o n s  1 0  and 13 t h e  APS showed g reen  i n i t i a l l y  ( f o r  
app rox ima te ly  2 s e c o n d s ) ,  t h e n  ye l low ( f o r  app rox ima te ly  0 .5  
s e c o n d ) ,  t hen  r e d  when t h e  d e c e l e r a t i o n  was commanded. Note 
t h a t  c o n d i t i o n  16 was a  r e p r e s e n t a t i o n  of a  sys tem i n  which 
t h e  s t o p  lamp s w i t c h  had f a i l e d .  
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The s i x t e e n  l e a d  c a r  c o n d i t i o n s  were c a t e g o r i z e d  i n t o  












13 ,14 ,15  
16 
1 3  
( t r i a l s  1 - 4 )  
D e ~ e n d e n t  V a r i a b l e s  
Lead Car Ac t ions  
A c c e l e r a t i o n  a t  0 . 1  g  
Zero o r  p o s i t i v e  r e l a t i v e  v e l o c i t i e s  
Negat ive  r e l a t i v e  v e l o c i t i e s  
Coas t ing  a t  0 . 1  g  
D e c e l e r a t i o n  a t  0 . 2  g  
D e c e l e r a t i o n  a t  0.4 g  
D e c e l e r a t i o n  a t  0 . 4  g  ( s t o p  lamp 
s w i t c h  i n o p e r a t i v e )  
0.4 g d e c e l e r a t i o n  ( l e a r n i n g  e f f e c t s  
w i t h  system 1tHDS). 
Analyses  were performed on d a t a  from each  group of  s c e n e s  
f o r  t h e  f o l l o w i n g  dependent  v a r i a b l e s :  
1. Headway s t a n d a r d  d e v i a t i o n  (between t h e  times a t  which 
t h e  v iewing  s h i e l d  opened and t h e  t r i a l  was t e r m i n a t e d ) .  
2 .  Minimum headway (between t h e  t i m e s  a t  which t h e  s u b j e c t  
responded  and t h e  t r i a l  was t e r m i n a t e d ) .  
3 .  T i m e  t o  c r a s h  ( a  runn ing  computa t ion  o f :  h e a d w a y + r e l a t i v e  
v e l o c i t y )  a t  t h e  t ime  a t  which s u b j e c t  responded.  
4 .  Minimum time t o  c r a s h  (between t h e  t ime a t  which t h e  
s u b j e c t  responded and t h e  t r i a l  was t e r m i n a t e d ) .  
5 .  A c t u a l  headway a t  t h e  time a t  which t h e  viewing s h i e l d  
opened and a t  each  second t h e r e a f t e r  f o r  15 seconds .  
S u b j e c t  r e s p o n s e  was d e f i n e d  a s  t h e  p o i n t  a t  which t h e  sub- 
j e c t  r e l e a s e d  t h e  a c c e l e r a t o r  peda l  a f t e r  t h e  viewing s h i e l d  had 
been opened. 
Headway s t a n d a r d  d e v i a t i o n  was ana lyzed  f o r  a l l  g roups  o f  
c o n d i t i o n s .  Minimum headway, t i m e  t o  c r a s h  a t  r e s p o n s e ,  and mini-  
mum time t o  c r a s h  were ana lyzed  o n l y  f o r  t h o s e  groups  o f  c o n d i t i o n s  
i n  which a  r e s p o n s e  was r e q u i r e d  from t h e  s u b j e c t  t o  avo id  a  
c r a s h  (groups  3 - 8 ) .  Ac tua l  headways measured d u r i n g  t h e  t r i a l s  
were ana lyzed  o n l y  f o r  t h o s e  groups of c o n d i t i o n s  i n  which t h e  
l e a d  c a r  d i d  n o t  come t o  a  s t o p  (groups  1 - 4 ) .  
P rocedure  
The s u b j e c t s  were i n s t r u c t e d  t o  ma in t a in  a  c o n s t a n t  v e l o c i t y  
o f  50 mph whenever t h e  viewing s h i e l d  was c l o s e d  ( s e e  Appendix 2 C  
f o r  i n s t r u c t i o n s  t o  s u b j e c t s ) ,  They were a l s o  i n s t r u c t e d  t h a t ,  
when t h e  viewing s h i e l d  opened,  t h e y  shou ld  make t h e  v e l o c i t y  
changes  n e c e s s a r y  t o  m a i n t a i n  t h e  headway t h e  same a s  when t h e  
s h i e l d  opened th roughou t  t h e  t r i a l .  
A pay-off  m a t r i x  i n v o l v i n g  moni ta ry  rewards  was u t i l i z e d  t o  
d i s c o u r a g e  s u b j e c t s  from e r r o n e o u s l y  r e l e a s i n g  t h e  a c c e l e r a t o r ,  
and s u b s e q u e n t l y  a p p l y i n g  t h e  b r a k e ,  i f  such c o n t r o l  a c t i o n  was 
n o t  n e c e s s i t a t e d  by t h e  c o n d i t i o n  p r e s e n t e d  by t h e  l e a d  c a r  when 
t h e  s h i e l d  opened. Th i s  pay-off scheme was s u c c e s s f u l ,  s i n c e  
e r r o r s  were made on o n l y  1% of t h e  t r i a l s  o v e r a l l ,  s i x  s u b j e c t s  
made no e r r o r s ,  and t h e  s u b j e c t  making t h e  most e r r o r s  was c o r r e c t  
more t h a n  9 4 %  of  t h e  time. 
Scenes  were p r e s e n t e d  w i t h  an i n t e r - t r i a l  i n t e r v a l  o f  app rox i -  
ma te ly  two minu te s .  Exposure t ime  t o  t h e  s c e n e s  v a r i e d ,  and was 
de t e rmined  by t h e  amount o f  t ime  it took t h e  s u b j e c t  t o  s t a b i l i z e  
headway between h i s  v e h i c l e  and t h e  l e a d  v e h i c l e  ( f o r  t r i a l s  where 
t h e  l e a d  v e h i c l e  d i d  n o t  come t o  a  s t o p ) ,  o r  u n t i l  t h e  s u b j e c t  
b rough t  h i s  own v e h i c l e  t o  a  h a l t ,  i n  t h o s e  t r i a l s  where t h e  l e a d  
v e h i c l e  came t o  a  s t o p .  Scenes  l a s t e d  a t  l e a s t  15 seconds  under  
t h e  former  c o n d i t i o n s ,  i n  which t h e  l e a d  v e h i c l e  con t inued  t o  move 
th roughou t  t h e  t r i a l  p e r i o d .  
The headway between t h e  s u b j e c t ' s  v e h i c l e  and t h e  s i m u l a t e d  
l e a d  v e h i c l e  was a  s i m u l a t e d  2 0 0  f e e t  when t h e  viewing s h i e l d  
opened a t  t h e  beg inn ing  of each  s c e n e .  S u b j e c t s  had been t o l d  
t h i s  d i s t a n c e  would always be  t h e  same, b u t  emphasis i n  t h e  i n s t r u c -  
t i o n s  was p l aced  on m a i n t a i n i n g  t h e  same headway a s  when t h e  view- 
i n g  s h i e l d  was opened,  r a t h e r  t h a n  on m a i n t a i n i n g  a  c o n s t a n t  
200 f e e t .  Between s c e n e s ,  a p p r o p r i a t e  computer commands were 
e n t e r e d ,  changes  made a s  n e c e s s a r y  t o  t h e  l e a d  v e h i c l e ' s  l i g h t -  
i n g  sys tem,  and t h e  n e x t  r e l a t i v e  v e l o c i t y  and a c c e l e r a t i o n  
commands e n t e r e d  i n t o  t h e  c o n t r o l  system o f  t h e  s i m u l a t o r .  Each 
s u b j e c t  viewed each  o f  t h e  89 s c e n e s  once .  The s c e n e s  were p re -  
s e n t e d  i n  a  randomized o r d e r  f o r  each  s u b j e c t .  
R e s u l t s  
The r e s u l t s  w i l l  be  p r e s e n t e d  by c o n s i d e r i n g  t h e  f i n d i n g s  
w i t h i n  each  of t h e  e i g h t  g roupings  of  t h e  s c e n e s ,  d e s c r i b e d  by 
t h e  i n i t i a l  c o n d i t i o n s  a t  t h e  t i m e ,  o r  a f t e r  some seconds ,  o f  
t h e  s h i e l d  opening .  
Group 1 C o n d i t i o n s :  
Lead c a r  a c c e l e r a t i n g  a t  0 . 1  g from r e l a t i v e  v e l o c i t i e s  o f  
0 ,  + l o ,  and -10 rnph. 
Headway s t a n d a r d  d e v i a t i o n s  were ana lyzed  i n  a  3 - f a c t o r  
a n a l y s i s  o f  v a r i a n c e  w i t h  f a c t o r s  o f  r e a r  l i g h t i n g  sys tem ( a t  3 
l e v e l s :  sys tems  1, 1tAPS and 8 ) ,  i n i t i a l  r e l a t i v e  v e l o c i t y  
( a t  3 l e v e l s :  r e l a t i v e  v e l o c i t i e s  o f  0 ,  + 1 0  and -10 mph),  and 
s u b j e c t s  ( a t  1 0  l e v e l s ) .  No s i g n i f i c a n t  d i f f e r e n c e s  were found. 
Mean headway s t a n d a r d  d e v i a t i o n s  a r e  shown by l i g h t i n g  sys tem 
and i n i t i a l  r e l a t i v e  v e l o c i t y  i n  Tab le  25. 
TABLE 2 5 .  MEAN HEADWAY STANDARD D E V I A T I O N  : LEAD 
CAR ACCELERATING AT 0 .1  g FROM RELATIVE 
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4 7 . 2  
50.5 
48.3 
Actua l  headways were ana lyzed  i n  a  4 - f a c t o r  a n a l y s i s  of  
v a r i a n c e  wi th  f a c t o r s  of t ime  from viewing s h i e l d  opening ( a t  1 5  
l e v e l s :  0-14 seconds)  , r e a r  l i g h t i n g  systems ( a t  3  l e v e l s ,  a s  
a b o v e ) ,  i n i t i a l  r e l a t i v e  v e l o c i t y  ( a t  3 l e v e l s ,  a s  a b o v e ) ,  and 
s u b j e c t s  ( a t  1 0  l e v e l s ) .  S i g n i f i c a n t  (p< .01 )  main e f f e c t s  of  
t ime and i n i t i a l  r e l a t i v e  v e l o c i t y ,  and a  s i g n i f i c a n t  t ime and 
i n i t i a l  r e l a t i v e  v e l o c i t y  i n t e r a c t i o n  were found. There were no 
d i f f e r e n c e s  a t t r i b u t a b l e  t o  t h e  r e a r  l i g h t i n g  systems.  
Group 2 Cond i t i ons :  
Lead c a r  moving a t  c o n s t a n t  r e l a t i v e  v e l o c i t i e s  of  0 and 
+5 mph. 
A 3 - f a c t o r  a n a l y s i s  of v a r i a n c e  w i t h  f a c t o r s  of l i g h t i n g  
system ( a t  3  l e v e l s :  systems 1, 1+APS and 8 ) ,  r e l a t i v e  v e l o c i t y  
( a t  2 l e v e l s :  0  and +5 mph) and s u b j e c t s  ( a t  1 0  l e v e l s )  was 
performed on t h e  headway s t a n d a r d  d e v i a t i o n  d a t a .  The main e f f e c t  
of  l i g h t i n g  system (pc .05)  and r e l a t i v e  v e l o c i t y  ( p < , 0 1 )  were s i g -  
n i f i c a n t  (Table  3 ) .  A s  expec ted ,  mean headway s t a n d a r d  d e v i a t i o n  
(Table  2 6 )  was g r e a t e r  i n  t h e  t 5  mph i n i t i a l  r e l a t i v e  v e l o c i t y  
t r i a l s  than  i n  t h e  0 mph r e l a t i v e  v e l o c i t y  t r i a l s .  
TABLE 2 6 .  MEAN HEADWAY STANDARD D E V I A T I O N :  LEAD 
CAR MOVING AT CONSTANT RELATIVE VELOCI- 
T I E S  OF 0 AND +5 LIIPH, 
Me an 
18 .3  





1 + w S  
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System 8  s i g n i f i c a n t l y  g r e a t e r  than  system 1+APS 
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27 .1  -
24.6 
L i g h t i n g  sys tem 1+APS was found t o  have a  s i g n i f i c a n t l y  
( p < . 0 5 )  s m a l l e r  mean headway s t a n d a r d  d e v i a t i o n  t han  system 8 i n  
i n d i v i d u a l  comparisons  made by Tukey ( b )  t e s t .  
A n a l y s i s  o f  t h e  a c t u a l  headways was done i n  a  4 - f a c t o r  
a n a l y s i s  o f  v a r i a n c e  w i t h  f a c t o r s  o f  t ime  from viewing s h i e l d  
opening  ( a t  15 l e v e l s :  0-14 s e c o n d s ) ,  r e a r  l i g h t i n g  systems ( a t  
3 l e v e l s ,  a s  a b o v e ) ,  r e l a t i v e  v e l o c i t i e s  ( a t  2 l e v e l s ,  a s  a b o v e ) ,  
and s u b j e c t s  ( a t  10 l e v e l s ) .  Main e f f e c t s  of t ime and r e l a t i v e  
v e l o c i t y  were found s i g n i f i c a n t  ( p < . 0 1 )  a s  were t h e  t ime  and l i g h t -  
i n g  sys t em,  t ime  and r e l a t i v e  v e l o c i t y ,  r e l a t i v e  v e l o c i t y  and 
l i g h t i n g  sys t em,  r e l a t i v e  v e l o c i t y  and l i g h t i n g  sys tem and s u b j e c t s ,  
and time and r e l a t i v e  v e l o c i t y  and l i g h t i n g  sys tem i n t e r a c t i o n s  
( p < . 0 1  i n  a l l  c a s e s ) .  The i n t e r a c t i o n  i n v o l v i n g  s u b j e c t s  i s  a t t r i -  
b u t e d  t o  expec t ed  i n d i v i d u a l  d i f f e r e n c e s  between s u b j e c t s .  The 
t ime  and r e l a t i v e  v e l o c i t y  and l i g h t i n g  system i n t e r a c t i o n ,  
however, c o n t a i n s  a l l  o t h e r  s i g n i f i c a n t  e f f e c t s  and was examined 
by per forming  Tukey ( b )  t e s t s  on d i f f e r e n c e s  between l i g h t i n g  
sys tems  a t  e ach  p o i n t  i n  t ime  w i t h i n  each  of t h e  r e l a t i v e  ve lo-  
c i t y  c o n d i t i o n s .  D i f f e r e n c e s  between l i g h t i n g  sys tems  were found 
s i g n i f i c a n t  o n l y  i n  t h e  t5 mph r e l a t i v e  v e l o c i t y  c o n d i t i o n  and 
o n l y  a t  p o i n t s  9-14 seconds a f t e r  t h e  viewing s h i e l d  opened 
( F i g u r e  2 2 ) .  A t  p o i n t s  9 - 1 4  seconds ,  t h e  mean headways w i t h  l i g h t -  
i n g  sys tems  1 and 8 were b o t h  s i g n i f i c a n t l y  g r e a t e r  t han  system 
l+APS. I n  a d d i t i o n ,  a t  p o i n t s  1 1 - 1 4  s econds ,  mean headways w i t h  
l i g h t i n g  sys tem 1 were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  w i t h  
sys tem 8.  
I t  would appea r  from F i g u r e  2 2  t h a t  l i g h t i n g  sys tem 1 pre -  
s e n t e d  l e s s  i n f o r m a t i o n  conce rn ing  t h e  e r r o r  i n  headway, w h i l e  
sys tems  1+APS and 8 e n a b l e d  s u b j e c t s  t o  b e t t e r  r e c o g n i z e  t h e  
e r r o r  and c o r r e c t  f o r  i t ,  t o  d i f f e r e n t  d e g r e e s ,  
G r o w  3 C o n d i t i o n s :  
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FIGURE 2 2 .  MEAN HEADWAY FOLLOWING VIEWIlJG SIlIELD OPENING FOR 
RELATIVE VELOCITIES OF 0  AND t 5  MPH. 
Headway s t a n d a r d  d e v i a t i o n ,  minimum headway, time t o  c r a s h  
a t  r e s p o n s e ,  and minimum t i m e  t o  c r a s h  were  each  e v a l u a t e d  i n  
3 - f a c t o r  a n a l y s e s  o f  v a r i a n c e  w i t h  f a c t o r s  of l i g h t i n g  sys t em 
( a t  3 l e v e l s :  s y s t e m  1, l+APS and 8 ) ,  r e l a t i v e  v e l o c i t y  ( a t  3  
l e v e l s :  - 5 ,  -20 and -35 mph) , and s u b j e c t s  ( a t  1 0  l e v e l s )  . 
S i g n i f i c a n t  ( p < . 0 1 )  r e l a t i v e  v e l o c i t y  main e f f e c t s  were  
found i n  a l l  f o u r  a n a l y s e s .  Mean headway s t a n d a r d  d e v i a t i o n  was 
s i g n i f i c a n t l y  l a r g e r  i n  t h e  -35 mph r e l a t i v e  v e l o c i t y  c o n d i t i o n  
t h a n  i n  t h e  -5 and -20 mph c o n d i t i o n s .  Mean minimum headway was 
s i g n i f i c a n t l y  g r e a t e r  i n  t h e  -5 mph r e l a t i v e  v e l o c i t y  c o n d i t i o n  
t h a n  t h e  -20 and -35 mph c o n d i t i o n s ,  and g r e a t e r  i n  t h e  -20  mph 
c o n d i t i o n  t h a n  t h e  -35 mph c o n d i t i o n ,  Mean t ime  t o  c r a s h  a t  
r e s p o n s e  was g r e a t e r  i n  t h e  -5 mph c o n d i t i o n  t h a n  i n  b o t h  o t h e r  
c o n d i t i o n s .  No o t h e r  s i g n i f i c a n t  e f f e c t s  were found i n  t h e  head- 
way s t a n d a r d  d e v i a t i o n ,  t i m e  t o  c r a s h  a t  r e s p o n s e ,  o r  minimum 
headway a n a l y s e s  ( T a b l e  27)  . 
I n  t h e  minimum t ime  t o  c r a s h  a n a l y s i s ,  s i g n i f i c a n t  l i g h t i n g  
s y s t e m  ( p < . 0 5 )  and r e l a t i v e  v e l o c i t y  (pc .01 )  main e f f e c t s  and a  
s i g n i f i c a n t  l i g h t i n g  sys t em and r e l a t i v e  v e l o c i t y  ( p ( . 0 5 )  i n t e r -  
a c t i o n  were found.  S i n c e  Loth main e f f e c t s  were  c o n t a i n e d  i n  t h e  
i n t e r a c t i o n ,  i n d i v i d u a l  compar i sons  between l i g h t i n y  sys t ems  by 
Tukey ( b )  t e s t  were  made w i t h i n  l e v e l s  o f  t h e  r e l a t i v e  v e l o c i t y  
f a c t o r .  I t  was found t h a t  t h e  mean minimum t i m e  t o  c r a s h  was s i g -  
n i f i c a n t l y  ( p < . 0 1 )  g r e a t e r  f o r  sy s t em 8 t h a n  sys t ems  1 and l+APS, 
i n  t h e  -5 mph r e l a t i v e  v e l o c i t y  c o n d i t i o n  o n l y .  No o t h e r  d i f f e r -  
e n c e s  between sys t ems  were  found.  Tukey ( b )  t e s t s  were  a l s o  made 
on r e l a t i v e  v e l o c i t y  c o n d i t i o n  means w i t h i n  s y s t e m s ,  and showed 
mean minimum t i m e  t o  c r a s h  t o  be  s i g n i f i c a n t l y  ( p < . 0 1 )  g r e a t e r  
i n  t h e  -5 mph c o n d i t i o n  t h a n  i n  t h e  - 2 0  and -35 mph c o n d i t i o n s ,  
f o r  a l l  t h r e e  sys tems  ( T a b l e  2 7 ) .  
A n a l y s i s  o f  t h e  a c t u a l  headways f o l l o w i n g  t h e  openinq  of 
t h e  v i ewing  s h i e l d  was made i n  a  4 - f a c t o r  a n a l y s i s  o f  v a r i a n c e  
w i t h  f a c t o r s  o f  t ime  from v iewing  s h i e l d  open inq  ( a t  15 l e v e l s :  
TABLE 27. MEAN HEADWAY STANDARD DEVIATION, M I N I M U M  HEADWAY, TIME 
TO CRASH AT RESPONSE, AND M I N I M U M  TIME TO CRASH: LEAD 
CAR MOVING AT CONSTANT RELATIVE VELOCITIES OF - 5 ,  -20 
AND -35 MPH. 
r 
Mean Headway S.D. 
R e l a t i v e  V e l o c i t y  
System -5  -20  -35  Me an 
1 2 0 . 1  30.6 40.2 30 .3  
1tAPS 20.2 31.9 43.0 31.7 
8  22 .7  29.5  43.3  31.8  
~ n d i v i d u a l  compar isons  between r e l a t i v e  v e l o c i t y  means. 
R e l a t i v e  v e l o c i t y  of  -35 mph s i g n i f i c a n t l y  g r e a t e r  t h a n  -5,-20 mph. 
Mean Time t o  Crash  a t  Response 
R e l a t i v e  V e l o c i t y  
System - 5   -20  -35 
1 21.3  5.4 2 .5  
1tAPS 24.9 5.2 2 .5  
8  29.2 5 .4  2 .5  
Me an 25.1 5 . 3  2.5 1 1 . 0  
I n d i v i d u a l  compar i sons  between r e l a t i v e  v e l o c i t y  means. 
R e l a t i v e  v e l o c i t y  of  -5 mph s i g n i f i c a n t l y  g r e a t e r  t h a n  -5,-20 mph. 
Mean Minimum Headway 
R e l a t i v e  V e l o c i t y  
Sys tem - 5  -20 -3 5  
1 151 .7  107.9  3 9 . 3  
1tAPS 149.4  103.0 39.3 
8  151.7 106 .4  4 1 . 4  
Me an  150.9 1 0 5 . 8  40.0 98.9 
I n d i v i d u a l  compar isons  between r e l a t i v e  v e l o c i t y  means. 
R e l a t i v e  v e l o c i t y  o f  -5  mph s i g n i f i c a n t l y  g r e a t e r  than -20,-35 mph. 
R e l a t i v e  v e l o c i t y  o f  -20 mph s i g n i f i c a n t l y  g r e a t e r  t h a n  -35 mph. 
Mean Minimum T i m e  t o  Crash  
R e l a t i v e  V e l o c i t y  
Sys tem -5 -20 - 3  5   -  Mean 
1 24.0 5.2 2 .2  10 .4  
1tAPS 24.9 5  . O  2 . 1  1 0 . 7  
8 32.6 5.2 2.2 1 3 . 3  
I I n d i v i d u a l  compar isons  between l i g h t i n g  s y s  tern means. 
A t  r e l a t i v e  v e l o c i t y  o f  -5 mph, s y s t e m  8 s i g n i f i c a n t l y  g r e a t e r  
t h a n  s y s t e m s  1, 1tAPS. . 
0-14 s e c o n d s ) .  L i g h t i n g  sys tems  ( a t  3 l e v e l s ,  a s  a b o v e ) ,  r e l a -  
t i v e  v e l o c i t i e s  ( a t  3  l e v e l s ,  a s  above)  and s u b j e c t s  ( a t  10 l e v e l s ) .  
Time and r e l a t i v e  v e l o c i t y  main e f f e c t s  were s i g n i f i c a n t  ( p < . 0 1 )  
a s  were t h e  time and r e l a t i v e  v e l o c i t y ,  and l i g h t i n g  sys t em and 
r e l a t i v e  v e l o c i t y  and s u b j e c t  i n t e r a c t i o n s .  S i n c e  t h e  l i g h t i n g  
sys t em f a c t o r  was n o t  s i g n i f i c a n t  ( e x c l u s i v e  of t h e  s u b j e c t  i n t e r -  
a c t i o n )  no f u r t h e r  a n a l y s i s  was pursued .  
Group 4 C o n d i t i o n s :  
Lead c a r  c o a s t i n g  a t  -0 .1  g .  
Two-factor a n a l y s e s  o f  v a r i a n c e  w i t h  f a c t o r s  o f  l i g h t i n g  
sys t em ( a t  3 l e v e l s :  sy s t em 1, l+APS, and 8 )  and s u b j e c t s  ( a t  
1 0  l e v e l s )  were performed on t h e  headway s t a n d a r d  d e v i a t i o n ,  mini-  
mum headway, t ime  t o  c r a s h  a t  r e s p o n s e ,  and minimum time t o  c r a s h  
d a t a .  No s i g n i f i c a n t  e f f e c t s  were found (Tab le  2 8 ) .  A 3 - f a c t o r  
a n a l y s i s  o f  v a r i a n c e  w i t h  f a c t o r s  of t ime  from v iewing  s h i e l d  open- 
i n g  ( a t  15 l e v e l s :  0 - 1 4  s e c o n d s ) ,  l i g h t i n g  sys tems  ( a t  3 l e v e l s ,  
a s  above)  and s u b j e c t s  ( a t  10 l e v e l s )  was performed on t h e  a c t u a l  
headway d a t a .  S i g n i f i c a n t  ( p <  . 0 1 )  d i f f e r e n c e s  were found f o r  t h e  
t i m e  main e f f e c t  and t l ie  t i m e  and s u b j e c t ,  and t h e  l i g h t i n g  sys tem 
and s u b j e c t ,  i n t e r a c t i o n s .  No d i f f e r e n c e s  i n  t ime  p e r i o d s  a t t r i -  
b u t a b l e  t o  l i g h t i n g  sys tems  were found.  
TABLE 28. MEAN HEADWAY STANDARD D E V I A T I O N ,  M I N I M U M  HEADWAY, 
TIME TO CRASH AT RESPONSE, AND M I N I M U M  T I N 2  TO 
CRASH: LEAD CAR COASTING AT - 0 . 1  g. 
I 
Mean 
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1 2 . 3  
12 .2  
1 1 . 8  
1 2 . 1  
G ~ O U D  5 Cond i t i ons :  
Lead Car d e c e l e r a t i o n  a t  0 . 2  g  from i n i t i a l  r e l a t i v e  v e l o c i -  
t i e s  of 0 ,  t 1 0  and -10  mph. 
Each dependent  v a r i a b l e  was ana lyzed  i n  a  3 - f a c t o r  a n a l y s i s  
of  v a r i a n c e  w i t h  f a c t o r s  of r e a r  l i g h t i n g  systems ( a t  5 l e v e l s :  
system 1, ltAPS, 3 ,  3tAPS and 8), i n i t i a l  r e l a t i v e  v e l o c i t y  ( a t  
3  l e v e l s :  0 ,  t 1 0  and -10  mph) and s u b j e c t s  ( a t  1 0  l e v e l s ) .  Sig-  
n i f i c a n t  (p< .01 )  i n i t i a l  r e l a t i v e  v e l o c i t y  main e f f e c t s  were 
found i n  each a n a l y s i s .  Tukey ( b )  t e s t s  were performed on t h e  
i n i t i a l  r e l a t i v e  v e l o c i t y  means f o r  each dependent  v a r i a b l e ,  and 
showed t h e  mean headway s t a n d a r d  d e v i a t i o n  t o  be s i g n i f i c a n t l y  
(p< .01 )  g r e a t e r  i n  t h e  t 1 0  rnph c o n d i t i o n  than  i n  t h e  0  and -10 
rnph c o n d i t i o n s ,  and mean minimum headway, t ime  t o  c r a s h  a t  r e sponse ,  
and minimum t ime t o  c r a s h ,  t o  be g r e a t e r  i n  t h e  0 and t 1 0  rnph 
c o n d i t i o n s  t han  i n  t h e  r e s p e c t i v e  -10  rnph c o n d i t i o n s  (Tab le  2 9 ) .  
No s i g n i f i c a n t  d i f f e r e n c e s  were a t t r i b u t a b l e  t o  l i g h t i n g  systems.  
Group 6 Cond i t i ons :  
Lead c a r  d e c e l e r a t e s  a t  -0.4 g  from i n i t i a l  r e l a t i v e  v e l o c i -  
t i es  of 0 ,  t 1 0  and -10  mph. 
I t  was found t h a t  s e v e r a l  s u b j e c t s  responded i n  t h e  t 1 0  rnph 
r e l a t i v e  v e l o c i t y  t r i a l s  wh i l e  t h e  l e a d  c a r  was s t i l l  moving 
away ( i . e , ,  when t h e  r e l a t i v e  v e l o c i t y  was p o s i t i v e ) ,  S ince  t ime 
t o  c r a s h  i s  meaningless  under  such c o n d i t i o n s ,  a c t u a l  response  
t i m e s ,  r a t h e r  than  t ime t o  c r a s h  a t  r e sponse ,  were c a l c u l a t e d  and 
ana lyzed  i n  t h i s  group of c o n d i t i o n s  on ly .  
A l l  dependent  v a r i a b l e s  were ana lyzed  i n  3 - f a c t o r  a n a l y s e s  
o f  v a r i a n c e  wi th  f a c t o r s  of l i g h t i n g  systems ( a t  13  l e v e l s :  
systems 1, ltAPS, l t H D S ,  1tHDS-R-1000, l+HDS-Y-130, l+HDS-Y-130, 
1tHDS-Y-1000, 3 ,  3tAPS, 3tHDS, 3+HDS-R-1000, 3tEIDS-Y-130, 3tHDS-Y- 
1000 and 8 ) ,  i n i t i a l  r e l a t i v e  v e l o c i t i e s  ( a t  3  l e v e l s :  0 ,  t 1 0  
and -10 mph) , and s u b j e c t s  ( a t  1 0  l e v e l s ) .  
TABLE 2 9 .  MEAN HEADWAY STANDARD DEVIATION, MINIMUM HEADWAY, TIME 
TO CRASH AT RESPONSE I AND MINIMUM TIME TO CRASH: LEAD 
CAR DECELERATING AT - 0 . 2  g FROM I N I T I A L  RELATIVE 
I VELOCITIES OF 0 ,  +10 and - 1 0  MPH. 
Mean Headway S .  D.  
I n i t i a l  R e l a t i v e  V e l o c i t y  
S y s t e m  0 - t 1 0  - -10  Me a n  
1 2 4 . 9  32 .3  26.6  27 .9  
1SAPS 2 1 . 7  3 1 . 0  2 3 . 5  2 5 . 4  
3  22 .8  33.9  21.6  2 6 . 1  
3tAPS 2 0 . 2  2 8 . 3  2 1 . 7  23.4  
8  2 2 . 9  30 .6  1 9 . 0  2 4 . 2  
Me a n  22.5  31.2 22 .5  2 5 . 4  
I n d i v i d u a l  comparisons b'etween i n i t i a l  r e l a t i v e  v e l o c i t y  means .  
I n i t i a l  r e l a t i v e  v e l o c i t y  of  4.10 mph s i g n i f i c a n t l y  g r e a t e r  t h a n  0 ,  -10 mph, 
h 
Mean T ime  t o  C r a s h  a t  R e s ~ o n s e  - 
I n i t i a l  R e l a t i v e  V e l o c i t y  
S y s t e m  0 t 1 0  - - 1 0  Me a n  - 
1 2 2 . 3  1 7 . 0  1 0 . 3  1 6 . 5  
1 t A P  S  2 2 . 3  1 4 . 5  8 . 2  1 5 . 0  
3  2 6 . 6  1 7 . 7  7 .4  1 7 . 2  
3tAPS 2 5 . 3  2 5 . 2  8 .0  1 9 . 5  
8  22 .4  2 1 . 6  8 . 8  1 7 . 6  
Me a n  23 .8  1 9 . 2  8 . 6  1 7 . 2  
I n d i v i d u a l  c o m p a r i s o n s  b e t w e e n  i n i t i a l  r e l a t i v e  v e l o c i t y  s e a n s .  
I n i t i a l  r e l a t i v e  v e l o c i t y  o f  0 ,  t 1 0  rnph s i g n i f i c a n t l y  g r e a t e r  t h a n  -10 mph. 
Mean Idinimun Ilead:,!ay 
I n i t i a l  I i e l a t i v e  V e l o c i t y  
S y s  tern 0 - + l o  - -10  ble an _I_ 
1 1 4 1 . 2  1 3 4 . 8  99 .9  1 2 5 . 3  
1tAPS 1 4 3 . 3  1 3 3 . 1  1 1 6 . 1  1 3 0 . 8  
3 1 3 7 , 9  1 3 9 . 6  1 2 1 . 4  1 3 3 . 0  
3tAPS 1 5 1 . 3  159 .6  1 1 7 . 7  1 4 2 . 9  
8 1 2 7 . 5  1 4 9 . 0  1 2 2 . 8  1 3 3 . 1  
Mean 1 4 0 . 2  1 4 3 . 2  115.6  1 3 3 . 0  
I n d i v i d u a l  c o r l p a r i s o n s  b e t w e e n  i n i t i a l  r e l a t i 7 1 e  v e l o c i t y  means .  
I n i t i a l  r e l a t i v e  v e l o c i t y  of 0 ,  1 1 0  mph s i g n i f i c a : ~ t l y  g r e a t e r  t h a n  -10 mph. 
I 
Mean Minimum Time t o  C r a s h  
I n i t i a l  R e l a t i v e  V e l o c i t y  
S y s  tern 0 - t 1 0  - - 10  Me a n  - 
1 1 3 . 1  8 . 9  7 .6  9 . 9  
1tAPS 1 2 . 2  9 . 1  6 . 8  9 . 4  
3  1 1 . 7  1 1 . 6  G. 9  1 0 . 1  
3tAPS 1 1 . 6  11.1 7 . 1  9 . 9  
8  1 0 . 9  1 0 . 5  7 . 3  9 . 5  
Me a n  1 1 . 9  1 0 . 2  7 . 1  9 . 8  
I n d i v i d u a l  c o m p a r i s o n s  b e t w e e n  i n i t i a l  r e l a t i v e  v e l o c i t y  m e a n s .  
I n i t i a l  r e l a t i v e  v e l o c i t y  of 0 ,  t 1 0  mph s i g n i f i c a n t l y  g r e a t e r  t h a n  -10 mph. 
A 
, 
A s i g n i f i c a n t  ( p < . 0 1 )  i n i t i a l  r e l a t i v e  v e l o c i t y  m a i n  e f f e c t ,  
a n d  a s i g n i f i c a n t  i n t e r a c t i o n  o f  i n i t i a l  r e l a t i v e  v e l o c i t y  a n d  
s u b j e c t s ,  were f o u n d  i n  e a c h  a n a l y s i s .  Tukey ( b )  tes ts  w e r e  made 
o n  d i f f e r e n c e s  b e t w e e n  i n i t i a l  r e l a t i v e  v e l o c i t y  means  f o r  e a c h  
d e p e n d e n t  v a r i a b l e  a n d  showed:  mean headway  s t a n d a r d  d e v i a t i o n  
t o  b e  s i g n i f i c a n t l y  g r e a t e r  i n  t h e  t 1 0  a n d  -10 mph i n i t i a l  r e la -  
t i v e  v e l o c i t y  c o n d i t i o n s  t h a n  i n  t h e  0  mph c o n d i t i o n s  ( T a b l e  3 0 ) ,  
TABLE 3 0 .  MEAN HEADWAY STAlJDARD DEVIATION : LEAD CAR DECELERATING 
AT - 0 . 4  g FROM INITIAL RELATIVE VELOCITIES OF 0 ,  + I 0  
AND -10 MPH. 
4 
Mean Headway S t a n d a r d  D e v i a t i o n  
I n i t i a l  R e l a t i v e  V e l o c i t y  
S y s t e m  0  t 1 0  -10 Me a n  • 
1 2 9 . 8  4 3 . 8  3 8 . 2  3 7 . 3  
1tAPS 3 2 . 3  4 4 . 3  4 1 . 3  3 9 . 3  
1tHDS 33.6  36 .2  4 0 . 1  36.6 
1tHDS-R-1000 2 7 . 3  3 9 . 1  37 .9  3 4 . 8  
1tHDS-Y-130 3 4 . 8  4 3 . 1  41 .7  3 9 . 9  
1tHDS-Y-1000 31.2  37.4  36.5  3 5 . 0  
3  3 2 . 1  3 1 . 0  3 7 . 8  3 3 . 6  
3tAPS 2 9 . 8  4 1 . 3  3 9 . 3  3 6 . 8  
3tHDS 3 7 . 1  36 .9  4 1 . 3  3 8 . 4  
3tHDS-R-1000 2 7 . 8  4 3 . 8  3 9 . 2  3 6 . 9  
3tHDS-Y-130 29 .6  33 .6  38.4  3 3 . 9  
3tHlJS-Y-1000 29 .6  3 6 . 2  37 .5  3 4 . 5  
8  2 9 . 4  - 3 9 . 2  39 .4  - 3 6 . 0  
Me a n  3 1 . 1  3 9 . 9  3 9 . 1  3 6 . 0  
I n d i v i d u a l  c o m p a r i s o n s  b e t w e e n  i n i t i a l  r e l a t i v e  v e l o c i t y  means  
I n i t i a l  r e l a t i v e  v e l o c i t y  o f  t 1 0 ,  -10  mph s i g n i f i c a n t l y  
greater  than 0  mpil. 
and mean minimum headway and mean r e s p o n s e  t ime  t o  be  g r e a t e r  i n  
t h e  0 and +10 mpll c o n d i t i o n s  t h a n  i n  t h e  -10 mph c o n d i t i o n s  
( T a b l e s  3 1  and 3 2 ) .  No d i f f e r e n c e s  between i n i t i a l  r e l a t i v e  v e l -  
o c i t y  means were  found f o r  mean minimum time t o  c r a s h  (Tab le  3 3 ) .  
TABLE 31, MEAN M I N I M U M  HEADWAY: LEAD CAR DECELERATING 
AT -0.4 g FROM I N I T I A L  RELATIVE VELOCITIES OF 
0 ,  +10 and -10  M P H .  
I 
Mean Minimum Headwav 
I n i t i a l  R e l a t i v e  V e l o c i t y  
System 0  t 1 0  -10 Me an - 
I n d i v i d u a l  compar i sons  between i n i t i a l  r e l a t i v e  v e l o c i t y  means. I 
I n i t i a l  r e l a t i v e  v e l o c i t y  o f  0 ,  +10 mph s i g n i f i c a n t l y  
r e a t e r  t h a n  -10 mph. 
TABLE 3 2 .  GEOMETRIC MEAN RESPONSE TIME: LEAD CAR 
DECELERATING AT -0 .4  g FROM INITIAL RELATIVE 
VELOCITIES OF 0 ,  t 1 0  AND -10 M P H ,  
7 
G e o m e t r i c  Mean R e s p o n s e  T ime  ( S e c o n d s )  
I n i t i a l  R e l a t i v e  V e l o c i t y  
S y s t e m  0  t 1 0  -10 Mean 
1 1 . 2 4  3 . 1 5  1 . 0 7  1 . 6 1  
1+APS 1 . 1 8  3 . 2 0  1 . 1 3  1 . 6 2  
1tHDS 1 . 2 8  2 . 4 8  1 . 0 9  1 . 5 1  
l+HDS-R-1000 1.. 1 7  2 . 0 8  1 . 0 1  1 . 3 5  
1tHDS-Y-130 l . 6 3  2 . 9 7  1 . 0 8  1 . 7 3  
l+HDS-Y-1000 1 . 2 3  2 . 5 6  . 9 2  1 . 4 3  
3 1 . 2 3  2 . 9 4  1.11 1 . 5 9  
3+APS 1 . 2 7  2 . 8 2  1 . 0 8  1 . 5 7  
3tHDS 1 . 4 4  2 . 6 6  1 . 0 8  1 . 6 0  
3tHDS-R-1000 1 . 3 1  2 . 3 5  . 9 4  1 . 4 2  
3tHDS-Y-130 1 . 1 6  2  $ 6 6  1 . 0 1  1 . 4 5  
3tHDS-Y-1000 1 . 3 1  2 . 2 8  . 9 2  1 . 4 0  
8  1 . 1 7  - 2 . 9 2  - 1 . 0 8  1 . 5 5  _I) 
Me a n  1 . 2 7  2 . 6 8  1 . 0 4  1 . 5 3  
I n d i v i d u a l  c o m p a r i s o n s  between i n i t i a l  r e l a t i v e  v e l o c i t y  means ,  
I n i t i a l  r e l a t i v e  v e l o c i t y  of 0 ,  + l o  rnph s i g n i f i c a n t l y  
g r e a t e r  t h a n  -10  mph. 
I n i t i a l  r e l a t i v e  v e l o c i t y  of  t 1 0  mph s i g n i f i c a n t l y  
g r e a t e r  t h a n  0  mph. 
- 
TABLE 3 3 .  MEAN M I N I M U M  TIME TO CRASH: LEAD CAR DECELER- 
ATING AT -0 .4  g  FROM INITIAL RELATIVE VELOCITIES 
OF 0 ,  + l o ,  AND -10 MPH. 
4 
Mean Minimum Time To C r a s h  
I n i t i a l  R e l a t i v e  V e l o c i t y  
S y s t e m  0  t 1 0  -10 Me a n  
1 7 . 5  5 . 4  4 . 8  5 . 9  
1 tAPS 6 . 8  5 b 3  4 . 1  5 . 4  
l tHDS 6 . 9  1 0 . 8  4 . 5  7.4 
1tHDS-R-1000 7 . 9  1 0 . 5  4 .9  7 . 7  
1tNDS-Y-130 7 . 2  9 .6  4 . 1  7 . 0  
1tHDS-Y-1000 8 . 9  9 . 4  4 . 8  7 . 7  
3  7 .5  7 . 7  4 . 8  6 . 7  
3tAPS 7 . 4  6 .0  4 . 4  5 . 9  
3tHIlS 6 . 5  7 . 0  4.2 5 . 9  
3tHDS-R-1000 7.6 9 . 9  4 . 5  7 . 3  
3tHDS-Y-130 7 . 6  8 . 7  4 .6  6 + 9  
3tHDS-Y-1000 7 . 3  9 . 9  4 . 8  7 .4  
8  7 . 8  4.4 6 . 0  - 5 . 9  - 
Mean 7 . 5  8 . 2  4 . 5  6 . 7  
No s i g n i f i c a n t  d i f f e r e n c e s .  
* 
No s i g n i f i c a n t  d i f f e r e n c e s  a t t r i b u t a b l e  t o  r e a r  l i g h t i n g  
s y s t e m s  w e r e  f o u n d  i n  a n y  a n a l y s i s .  
Group  7  C o n d i t i o n s :  
Lead  c a r  d e c e l e r a t e s  a t  -0 .4  g  f r o m  0  mph r e l a t i ve  v e l o c i t y ,  
s t o p  l a m p  s w i t c h  i n o p e r a t i v e .  
Two f a c t o r  a n a l y s e s  o f  v a r i a n c e  w i t h  f a c t o r s  o f  rear  l i g h t i n g  
s y s t e m  ( a t  3  l eve l s :  s y s t e m s  1, l t A P S  a n d  8 )  a n d  s u b j e c t s  ( a t  
1 0  l e v e l s )  w e r e  u s e d  t o  a n a l y z e  t h e  f o u r  d e p e n d e n t  v a r i a b l e s .  The 
l i g h t i n g  s y s t e m  ma in  e f f e c t  was s i g n i f i c a n t  i n  a l l  a n a l y s e s .  I t  
was shown by Tukey ( b )  t e s t s  t h a t  s y s t e m  8 h a d  a g r e a t e r  mean 
headway s t a n d a r d  d e v i a t i o n  t h a n  s y s t e m s  1 a n d  l t A P S ,  l o w e r  mean 
minimum headway a n d  mean minimum time t o  c r a s h  t h a n  s y s t e m s  1 
a n d  l tAPS ,  a n d  l o w e r  mean time t o  c r a s h  a t  r e s p o n s e  t h a n  s y s t e m  1 
( p < .  05) i n  e a c h  c a s e ;  T a b l e  34)  . 
TABLE 34. MEAN HEADWAY STANDARD DEVIATION, M I N I M U M  HEADWAY, 
TIME TO CRASH AT RESPONSE, AND M I N I M U M  TIME TO 
CRASH: LEAD CAR DECELERATING AT -0.4 g FROM 
RELATIVE VELOCITY OF 0 MPH. STOP LAMP SWITCH 
INOPERATIVE. 
Group 8 C o n d i t i o n s :  
A 
Lead c a r  d e c e l e r a t e s  a t  - 0 . 4  g f rom 0 mph r e l a t i v e  v e l o c i t y  - 







I n d i v i d u a l  c o m p a r i s o n s  be tween  l i g h t i n g  s y s t e m  means.  
S y s  tem Sys  tern 
8 S i g n i f i c a n t l y  g r e a t e r  mean headway s t a n d a r d  
d e v i a t i o n  t h a n  1, 1tAPS 
8 S i g n i f i c a n t l y  l o w e r  mean time t o  c r a s h  a t  
r e s p o n s e  t h a n  1 
8 S i g n i f i c a n t l y  l o w e r  mean minimum head-  
way t h a n  1, 1tAPS 
8 S i g n i f i c a n t l y  l o w e r  mean minimum time t o  
c r a s h  t h a n  1, l+APS 
Me a n  
Headway 
S.D. 
36 .4  
37 .1  
4 6 . 5  -
40.0 
Mean 
'I'C a t  
Response  
8 .3  
7 . 6  
6 . 9  - 




91 .2  
9 3 . 1  
6 4 . 9  - 
8 3 . 1  
Me a n  
Minimum 
TC 
5 . 6  
5 .4  
4 . 0  - 
5.0 
? 
The f o u r  dependen t  v a r i a b l e s  were a n a l y z e d  i n  t w o - f a c t o r  
a n a l y s e s  o f  v a r i a n c e  w i t h  f a c t o r s  o f  t r i a l  ( a t  4 l eve l s :  t r i a l s  
1 - 4 )  and s u b j e c t s  ( a t  10 l eve l s )  . None of t h e  a n a l y s e s  showed 
s i g n i f i c a n t  e f f e c t s  ( T a b l e  35)  . 
TABLE 35. MEAN HEADWAY STAIdDARD DEVIATION, M I N I M U M  HEADWAY, 
TIME TO CRASH AT RESPONSE, AND M I N I M U M  TIME TO 
CRASII: LEAD CAR DECELERATING AT -0.4 g  FROM RELA- 
TIVE VELOCITY OF 0 MPH, FOR FOUR SUCCESSIVE TRIALS 
WITH SYSTEM 1tHDS. * 
Q u e s t i o n n a i r e  R e s ~ o n s e s  
The q u e s t i o n n a i r e  a d m i n i s t e r e d  a t  t h e  comple t i on  of t h e  





t e s t i n g  was conce rned  w i t h  t h e  u s e f u l n e s s  o f  t h e  l i g h t i n g  d i s -  
Mean 1 31.9 1 13 .6  1 109 .1  1 7.2 
* 
Tne f o u r  t r i a l s  were  d i s t r i b u t e d  among t h o s e  of o t h e r  








34 .3  
Me an 
TC a t  
Response 
1 3 . 1  
1 5 . 5  
11.2 
14 .5  
p l a y s  e n a b l i n g  t h e  s u b j e c t s  t o  q u i c k l y  and c o r r e c t l y  i n t e r p r e t  
t h e  a c t i o n  o f  t h e  l e a d  c a r .  
A l l  s u b j e c t s  r e p o r t e d  t h a t  t h e  n i g h  d e c e l e r a t i o n  s i g n a l  





1 1 4 . 0  
108.6 
101 .8  
of  c l o s u r e .  F i v e  s u b j e c t s  r e p o r t e d  t h a t  t h e  a c c e l e r a t o r  p o s i t i o n  





7 . 1  
7.2 
7 . 1  
7.2 - 
The same f i v e  s u b j e c t s ,  however,  r e p o r t e d  t h a t  combina t ions  of 
r e d  and g r e e n  l i g h t s  were d i f f i c u l t  t o  i n t e r p r e t ,  and were m i s -  
l e a d i n g  i n  c o n d i t i o n s  i n  which t h e  headway was c l o s i n g  r a p i d l y .  
Three of t h e s e  s u b j e c t s  a l s o  s t a t e d  t h a t  green l i g h t s  a l o n e ,  i n  
h igh  c l o s u r e  r a t e  c o n d i t i o n s ,  were mis lead ing .  One o t h e r  s u b j e c t ,  
however, f e l t  t h a t  g reen  t a i l l i g h t s  enabled  t h e  most r a p i d  d e t e r -  
minat ion of t h e  l e a d  c a r ' s  a c t i o n  i n  both converging and d iverg-  
i n g  headway c o n d i t i o n s .  
UNOBTRUSIVE MEASUREMENTS OF THE RESPONSE OF 
DRIVERS TO AN ACCELERATOR POSITION SIGNAL SYSTEM 
O b j e c t i v e s  
The o b j e c t i v e s  o f  t h i s  s t u d y  were t o  a t t e m p t  t o  d e t e r m i n e  
t h e  e f f e c t  o f  s i g n a l s  g iven  by t h e  A c c e l e r a t o r  P o s i t i o n  S i g n a l  
on d r i v e r s  who were exposed t o  it f o r  t h e  f i r s t  time and who may 
n o t  have  been aware t h a t  some of  t h e i r  r e s p o n s e s  i n  d r i v i n g  were 
b e i n g  r e c o r d e d .  
Method 
The Test Cars  
Two s t a t i o n  wagons were used .  The l e a d  c a r  was equipped  
w i t h  t h e  A c c e l e r a t o r  p o s i t i o n  S i g n a l  (APS). Th i s  sys tem con- 
s i s t e d  o f  a  rear  s i g n a l  lamp d i s p l a y  w i r e d  s o  a s  t o  s i g n a l  t h e  
d r i v e r ' s  u s e  o f  t h e  a c c e l e r a t o r  and b r a k e  p e d a l s .  Three s i g n a l  
lamps were mounted i n  a  v e r t i c a l  c o n f i g u r a t i o n  on a  12- inch  by 
25-inch b l a c k  r e c t a n g u l a r  b o a r d ,  which was c e n t e r e d  on t h e  c a r ' s  
t a i l g a t e  ( F i g u r e  2 3 ) .  The lamps,  i n  descend ing  o r d e r ,  were r e d ,  
y e l l o w ,  and g r e e n - b l u e .  Each lamp was c i r c u l a r  and had a  d i a -  
meter of  4 . 0  i n c h e s .  The lamps were connec ted  t o  a v o l t a g e  regu-  
l a t o r  i n s i d e  t h e  c a r  s o  t h a t  t h e i r  i n t e n s i t i e s  c o u l d  be  a d j u s t e d  
f o r  day o r  n i g h t  d r i v i n g .  I n  day t e s t s  each  lamp was o p e r a t e d  
a t  6 0  c a n d e l a s .  I n  n i g h t  t e s t s ,  t h e  r e d ,  ye l low and g r e e n  
lamps were o p e r a t e d  a t  30 c d ,  2 0  cd and 1 0  c d ,  r e s p e c t i v e l y .  
The r e d  s i g n a l  lamp was w i r e d  t o  t h e  c o n v e n t i o n a l  b r a k e  
l i g h t  sys t em,  s o  t h a t  i t  was l i g h t e d  when t h e  d r i v e r  a p p l i e d  
t h e  b r a k e s .  The c o n v e n t i o n a l  s t o p  lamps were f u n c t i o n a l  th rough-  
o u t  t h e  e x p e r i m e n t ,  The g reen  lamp was w i r e d  t o  t h e  c a r b u r e t o r  
l i n k a g e  i n  such  a  way t h a t  i t  was l i g h t e d  when t h e  d r i v e r  
d e p r e s s e d  t h e  a c c e l e r a t o r  p e d a l .  The ye l low lamp was wi red  s o  
t h a t  it was l i g h t e d  whenever t h e  d r i v e r  was d e p r e s s i n g  n e i t h e r  
t h e  b r a k e  n o r  t h e  a c c e l e r a t o r  p e d a l .  
FIGURE 2 3 .  TEST CAR WITH ACCELERATOR 
POSITION SIGNAL LAMPS, 
The l e a d  v e h i c l e  was a l s o  equipped wi th  a  v ideo (TV) camera 
unob t rus ive ly  p o s i t i o n e d  t o  view o u t  of t h e  r e a r  window (Figure  
2 3 ) ;  a v ideo t a p e  r e c o r d e r ,  operab le  by t h e  d r i v e r ;  a  video moni- 
t o r ,  v i s i b l e  t o  t h e  d r i v e r ;  and a microphone s o  l o c a t e d  t h a t  t h e  
conversa t ion  of t h e  d r i v e r  of t h i s  c a r  and t h e  d r i v e r  of t h e  
second v e h i c l e ,  a s  t r a n s m i t t e d  v i a  r a d i o ,  would be recorded on 
t h e  sound channel  of t h e  v ideo t a p e  r e c o r d e r  (F igure  2 4 ) .  Both 
v e h i c l e s  were equipped wi th  C i t i z e n s  Band t r a n s c e i v e r s  t o  accom- 
p l i s h  t h i s  communication and t ransmiss ion  of d a t a .  The t r a n s -  
c e i v e r  antennas on both  v e h i c l e s  were i n s t a l l e d  and modified s o  
a s  t o  l i m i t  t h e i r  consp icu i ty .  
General Procedure 
Only passenger c a r s  were used a s  s u b j e c t  v e h i c l e s ,  i n  o r d e r  
t o  minimize v a r i a b i l i t y  i n  performance which could occur because 
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FIGURE: 2 4 .  V I D E O  TAPE RECORDER AND TV 
MONITOR I N  TEST CAR EQUIPPED 
WITH THE ACCELERATOR POSITION 
SIGNAL LAMP. 
of t h e  g e n e r a l l y  more l i m i t e d  a c c e l e r a t i o n  p o t e n t i a l  of o t h e r  
v e h i c l e s .  I n  a d d i t i o n ,  by choosing on ly  t h o s e  v e h i c l e s  wi th  
r e l a t i v e l y  low dr ive r -eye-he igh t  p o s i t i o n s ,  s u b j e c t s  were made 
more dependent on t h e  s i g n a l s  p r e s e n t e d  by t h e  l e a d  c a r ,  r a t h e r  
than  on t h e  road ahead of t h e  ins t rumented  v e h i c l e .  
A t  n i g h t ,  only  t h o s e  v e h i c l e s  w i t h  bo th  l e f t  and r i g h t  head- 
lamps o p e r a t i n g  were inc luded ,  s i n c e  t h e  headlamp cen te r - to -  
c e n t e r  spac ing  was used i n  t h e  d a t a  r e d u c t i o n .  
Freeway Procedure 
An average  of  2 4  s u b j e c t s  were t e s t e d  i n  each of t h e  f o u r  
freeway c o n d i t i o n s  (day vs n i g h t ,  APS on v s  o f f ) .  Only four - l ane  
(two i n  each d i r e c t i o n ) ,  l i m i t e d  a c c e s s  freeways were used.  
Although t h e  freeway was p o s t e d  a t  a  70 mph maximum speed  l i m i t ,  
most s u b j e c t s  were t r a v e l i n g  60 t o  65 mph. A f t e r  a  p r o s p e c t i v e  
s u b j e c t  v e h i c l e  pas sed  t h e  t r a i l i n g  t e s t  v e h i c l e  and p u l l e d  back 
i n t o  t h e  r i g h t  l a n e ,  t h e  t r a i l i n g  v e h i c l e  a c c e l e r a t e d  t o  t h e  
road  speed  of  t h e  s u b j e c t  and r a d i o e d  t h a t  speed i n f o r m a t i o n  t o  
t h e  d r i v e r  o f  t h e  i n s t rumen ted  v e h i c l e ,  which was u s u a l l y  about  
a  h a l f  mile ahead.  
The in s t rumen ted  v e h i c l e  was then  a c c e l e r a t e d  o r  d e c e l e r a t e d  
a s  needed t o  a c h i e v e  a  speed about  5 mph s lower  t h a n  t h e  s u b j e c t  
v e h i c l e .  The t r a i l i n g  v e h i c l e  p e r i o d i c a l l y  updated t h e  informa- 
t i o n  on t h e  s u b j e c t  v e h i c l e ' s  speed ,  and ma in t a ined  a  2 0 0 -  t o  
300-foot  headway behind  it. 
The in s t rumen ted  v e h i c l e  i n i t i a t e d  a  c o a s t ,  o r  a  c o a s t  f o l -  
lowed by a  b r a k e  when t h e  s u b j e c t  v e h i c l e  came t o  w i t h i n  100 t o  
300 f e e t .  I f  t h e  s u b j e c t  v e h i c l e  was c o n g t r a i n e d  from p a s s i n g  
t h e  in s t rumen ted  v e h i c l e ,  t h e  i n s t rumen ted  v e h i c l e  a c c e l e r a t e d  
5 mph s o  a s  t o  match t h e  s u b j e c t  v e h i c l e ' s  s p e e d ,  and ma in t a ined  
t h a t  speed u n t i l  t h e  c o n s t r a i n i n g  v e h i c l e  had pas sed .  
Three r e sponse  t y p e s  a v a i l a b l e  t o  t h e  s u b j e c t  v e h i c l e  were 
r eco rded :  b r a k i n g ,  p a s s i n g  w i t h o u t  b r a k i n g ,  o r  remaining i n  
t h e  r i g h t  l a n e  w i t h o u t  b r a k i n g .  
I f  t h e  s u b j e c t  v e h i c l e  remained i n  t h e  r i g h t  l a n e ,  t h e  
i n s t rumen ted  v e h i c l e  a c c e l e r a t e d  back t o  t h e  speed ma in t a ined  
a t  t h e  t ime  of i n i t i a l  s i g n a l  p r e s e n t a t i o n .  A f t e r  a  minimum 
l a p s e  of  10 seconds ,  and a f t e r  t h e  r e l a t i v e  v e l o c i t y  between 
t h e  v e h i c l e s  a g a i n  f e l l  t o  about  z e r o ,  and a f t e r  t h e  s u b j e c t  
v e h i c l e  was a g a i n  w i t h i n  a  100- t o  300-foot  headway r ange ,  a  
second s i g n a l  c o n d i t i o n  ( c o a s t  o r  coast-followed-by-brake) was 
p r e s e n t e d .  
Th i s  p r e s e n t a t i o n  cou ld  b e  made a  t h i r d  t i m e ,  i f  p a s s i n g  
was n o t  accomplished a f t e r  t h e  second t r i a l .  A f t e r  t h e  t h i r d  
s i g n a l ,  however,  an a p p r o p r i a t e  maneuver was execu ted  t o  i n s u r e  
t h a t  t h e  s u b j e c t  v e h i c l e  would p a s s  t h e  i n s t rumen ted  c a r ,  
8 6 
Where more t h a n  one s i g n a l  was g i v e n  t o  a  s u b j e c t  on t h e  
f reeway,  c o a s t  and coast- fol lowed-by-brake s i g n a l s  were a l t e r -  
n a t e d .  
Freeway s u b j e c t s  were n o t  counted  when t h e i r  p a s s i n g  o p t i o n  
was impeded by an a n t i c i p a t e d  t u r n  o f f  ( t o  t h e  r i g h t )  , a s  subse-  
q u e n t l y  observed  on t h e  v i d e o  t a p e  r e c o r d i n g ,  
Rura l  Road Procedure  
An ave rage  of 2 8  s u b j e c t s  were observed  i n  each  o f  t h e  f o u r  
r u r a l  road  c o n d i t i o n s  (day  v s  n i g h t ,  APS on vs  o f f ) .  The roads  
were p o s t e d  f o r  55 t o  65  mph maximum speed  l imi ts  i n  t h e  day t ime ,  
and 45 t o  55 mph maximum speed  l imi ts  a t  n i g h t .  
The t r a i l i n g  and t h e  i n s t rumen ted  t e s t  c a r s  parked  on t h e  
road  s h o u l d e r  o r . a t  an i n t e r s e c t i o n ,  u s u a l l y  a  h a l f  m i l e  a p a r t  
from each  o t h e r .  When a  p o t e n t i a l  s u b j e c t  v e h i c l e  pa s sed  t h e  
pa rked  t r a i l i n g  v e h i c l e ,  headed i n  t h e  d i r e c t i o n  of t h e  i n s t r u -  
mented v e h i c l e ,  t h e  t r a i l i n g  v e h i c l e  would p u l l  o u t  and unobt ru-  
s i v e l y  pu r sue  t h a t  v e h i c l e  u n l e s s  a d d i t i o n a l  t r a f f i c  p r e c l u d e d  
t h i s  maneuver. I f  t h i s  maneuver was accompl i shed ,  t h e  d r i v e r  o f  
t h e  t r a i l i n g  v e h i c l e  would communicate h i s  s t a t u s  v i a  r a d i o  t o  
t h e  i n s t r u m e n t e d  v e h i c l e ,  which would t h e n  p u l l  o u t  some d i s t a n c e  
ahead o f  t h e  approaching  s u b j e c t  v e h i c l e ,  
The d r i v e r  o f  t h e  i n s t r u m e n t e d  v e h i c l e  would proceed  a t  a  
speed  5 mph s l o w e r  t h a n  t h e  approaching  s u b j e c t  v e h i c l e ,  based  
on i n f o r m a t i o n  communicated by r a d i o  by t h e  t r a i l i n g  v e h i c l e ' s  
d r i v e r .  T h i s  speed  l e v e l  t h e n  became t h e  r e f e r e n c e  speed  l e v e l  
f o r  t h e  remainder  of t h e  t r i a l  f o r  t h a t  p a r t i c u l a r  s u b j e c t .  
When t h e  s u b j e c t  v e h i c l e  had c l o s e d  t o  w i t h i n  30 t o  300 
f e e t  o f  t h e  i n s t r u m e n t e d  v e h i c l e ,  t h e  f i r s t  of t h e  s i g n a l  condi -  
t i o n s  was p r e s e n t e d .  During t h e  p r e s e n t a t i o n  of t h i s  and subse-  
q u e n t  s i g n a l  c o n d i t i o n s ,  t h e  speed  of t h e  i n s t rumen ted  v e h i c l e  
would a lways d r o p ,  b u t  would r e t u r n  t o  t h e  r e f e r e n c e  speed  
b e f o r e  t h e  subsequen t  p r e s e n t a t i o n .  The r e f e r e n c e  speed  would 
be  m o d i f i e d ,  however, i f  t h e  s u b j e c t  v e h i c l e  slowed c o n s i d e r -  
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a b l y  ( s o  t h a t  t h e  headway r o s e  t o  more t h a n  300 f e e t ) ,  o r  i f  
t h e  s u b j e c t  v e h i c l e  approached t o  less t h a n  30 f e e t  i n  an a t t e m p t  
t o  p a s s .  
An a t t e m p t  was made t o  p r e s e n t  4 t o  8 s i g n a l  c o n d i t i o n s  t o  
each  s u b j e c t  o v e r  a  p e r i o d  of one and a  h a l f  t o  f o u r  minutes .  
S i g n a l  p r e s e n t a t i o n  o r d e r  was g e n e r a l l y  randomized w h i l e  a t t emp t -  
i n g  t o  ma in t a in  a  r a t i o  of t h r e e  c o a s t  ( a l o n e )  s i g n a l  t o  two 
coas t - then-brake  s i g n a l s .  Th i s  r a t i o  was chosen based  on d a t a  
p r e v i o u s l y  p r e s e n t e d  (Mort imer ,  1 9 7 0 ) ,  conce rn ing  measured f r e -  
q u e n c i e s  of c o a s t  and coas t - then-brake  maneuvers expec t ed  a t  
t h e  speed  r anges  u sed .  
Throughout each t r i a l ,  t h e  t r a i l i n g  v e h i c l e  l agged  1 0 0  t o  
200 f e e t  beh ind  t h e  s u b j e c t  v e h i c l e ,  o b s e r v i n g  t h e  l a t t e r ' s  
b r a k e  a p p l i c a t i o n s ,  a s  i n d i c a t e d  by t h e  s t o p  s i g n a l  lamps. I f  
no b r a k e  s i g n a l  had been observed  by t h e  end of t h e  series of  
p r e s e n t a t i o n s ,  t h e  i n s t rumen ted  v e h i c l e  a t t emp ted  t o  d e c z l e r a t e  
s u f f i c i e n t l y  t o  n e c e s s i t a t e  t h e  a p p l i c a t i o n  of t h e  s e r v i c e  b r a k e s  
i n  t h e  s u b j e c t  v e h i c l e .  I f  no b r a k e  s i g n a l  was conf i rmed i n  t h a t  
maneuver t h e  s t o p  lamps of t h e  s u b j e c t ' s  v e h i c l e  were c o n s i d e r e d  
t o  have been i n o p e r a t i v e ,  and t h e  d a t a  were d i s c a r d e d .  
Kecordina of Data 
A v i d e o  t a p e  r e c o r d i n g  was made of unsuspec t ing  d r i v e r s  a s  
t h e y  drove  beh ind  t h e  i n s t rumen ted  v e h i c l e .  By measur ing t h e  
image wid th  of t h e  v e h i c l e  ( f o r  dayt ime r u n s ) ,  o r  t h e  headlamp 
c e n t e r - t o - c e n t e r  w id th  ( f o r  n i g h t t i m e  r u n s ) ,  and by comparison 
of t h o s e  measures  w i t h  c a l i b r a t i o n s  made of v e h i c l e s  of s i m i l a r  
s i z e s ,  t h e  headway d i s t a n c e  between t h e  i n s t rumen ted  v e h i c l e  and 
t h e  s u b j e c t  v e h i c l e  was c a l c u l a t e d .  The second e x p e r i m e n t e r ' s  
v e h i c l e  fo l lowed t h e  s u b j e c t  v e h i c l e  a t  a  d i s t a n c e  g r e a t  enough 
n o t  t o  have a  major  e f f e c t  on t h e  s u b j e c t ' s  d r i v i n g  per formance ,  
b u t  c l o s e  enough t o  obse rve  s t o p  s i g n a l s  and t o  e s t i m a t e  t h e  speed .  
Th i s  i n f o r m a t i o n  was r e l a y e d  by r a d i o  t o  t i le d r i v e r  of t h e  i n s t r u -  
mented v e h i c l e .  
Independen t  V a r i a b l e s  - The i n d e p e n d e n t  v a r i a b l e s  were: 
1. Rear  l i g h t i n g  sys t em ( c o n v e n t i o n a l ,  and c o n v e n t i o n a l  
supplemented  by t h e  A c c e l e r a t o r  p o s i t i o n  S i g n a l ) .  
2 .  Road c l a s s i f i c a t i o n  ( two- lane  r u r a l ,  and r u r a l  f r e e w a y ) ,  
3.  Ambient l i g h t i n g  ( d a y ,  n i g h t )  . 
Dependent V a r i a b l e s  - The dependen t  v a r i a b l e s  were: 
1. Frequency o f  s u b j e c t ' s  b r a k e  a p p l i c a t i o n s .  
2 .  Response t ime  between change of  o p e r a t i n g  s t a t u s  on t h e  
i n s t r u m e n t e d  v e h i c l e  ( f rom c r u i s e  t o  c o a s t  and f rom c o a s t  t o  
b r a k e )  and a p p l i c a t i o n  of t h e  s e r v i c e  b r a k e s ,  a s  n o t e d  by l i g h t -  
i n g  o f  t h e  s t o p  lamps on t h e  s u b j e c t ' s  v e h i c l e .  
3 .  Headway and r e l a t i v e  v e l o c i t y  between s u b j e c t  and t h e  
l e a d  c a r .  
R e s u l t s  
Freewav D r i v i n u  T e s t  
Frequency of p a s s i n g ,  B r a k i n g ,  No O v e r t  Response - The 
r e s p o n s e  o f  t h e  f o l l o w i n g  v e h i c l e  d r i v e r  was r e c o r d e d  i n  t e rms  
of  whe the r  o r  n o t  h e  p a s s e d  t h e  t e s t  c a r ,  a p p l i e d  t h e  b r a k e s ,  o r  
made no  n o t i c e a b l e  r e s p o n s e .  These r e s p o n s e s  were c l a s s i f i e d  
f o r  t h o s e  e v e n t s  when t h e  t e s t  c a r  began c o a s t i n g  o r  a p p l i e d  t h e  
b r a k e s ,  i n  t h e  day and n i g h t  t e s t s ,  conduc ted  w i t h  and w i t h o u t  
t h e  a c c e l e r a t o r  p o s i t i o n  s i g n a l  b e i n g  used .  The p r o p o r t i o n s  o f  
t h e  r e s p o n s e s  of t h e  f o l l o w i n g  d r i v e r s  i n  t h e s e  cont ' l i t ions  i s  
shown i n  T a b l e  3 6 .  The compar i sons  of  pr imacy i n t e r e s t  a r e  t h o s e  
showing t h e  r e s p o n s e  o f  t h e  f o l l o w i n g  d r i v e r  when t h e  t e s t  c a r  i s  
g i v i n g  s i g n a l s  w i t h  t h e  a c c e l e r a t o r  p o s i t i o n  s i g n a l  sy s t em and 
w i t h o u t  i t .  I t  w i l l  b e  n o t e d  t h a t  t h e  p r o p o r t i o n  of  r e s p o n s e s  
w i t h  and w i t h o u t  t h e  APS, i n  each  c o n d i t i o n ,  a r e  s i m i l a r .  A 
Chi - squa re  a n a l y s i s  o f  t h e  d a t a  w i t h i n  t h e  c o a s t i n g  and b r a k i n g  
s i g n a l  c o n d i t i o n s  showed t h a t  d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  of  
r e s p o n s e s  of  t h e  f o l l o w i n g  d r i v e r  were  n o t  s t a t i s t i c a l l y  s i g n i f i -  
c a n t .  When t h e  t e s t  c a r  a p p l i e d  t h e  b r a k e s ,  i t  c a n  be  s e e n  t h a t  
t h e r e  were  a  g r e a t e r  p r o p o r t i o n  o f  b r a k i n g  r e s p o n s e s  made by t h e  
TABLE 36. PROPORTION OF RESPONSES OF DRIVERS FOLLOWING THE TEST 
CAR WITH AND WITHOUT THE ACCELERATOR POSITION SIGNAL 
(APS) , ON THE FEEWAY. 
f o l l o w i n g - c a r  d r i v e r ,  showing t h a t  a  change i n  b e h a v i o r  can b e  
e l i c i t e d  i f  t h e  s i g n a l  i n d i c a t i o n  and t h e  b e h a v i o r  of  t h e  l e a d  
# k 
Response of 
Fo l lowing  
D r i v e r  
P a s s  
Brake  
No Response 
T o t a l  
No. o f  Cases  
, 
v e h i c l e  i s  s u f f i c i e n t l y  demanding. A l s o ,  it w i l l  b e  n o t e d  t h a t  i n  
t h i s  freeway t e s t ,  t h e  d r i v e r s  of t h e  f o l l o w i n g  v e h i c l e s  most o f t e n  
e i t h e r  made no r e s p o n s e  ( i . e . ,  d i d  n o t  app ly  t h e i r  b r a k e s )  o r  
p a s s e d  t h e  t e s t  c a r .  For  t h e s e  r e a s o n s ,  t h e  freeway t e s t  approach 
was c o n s i d e r e d  o f  l i m i t e d  v a l u e .  
T e s t  Car C o a s t i n g  
Two-Lane Road T e s t  
Day 
With Without  
APS APS 
- 7 9  . 7 8  
.16 0  
, 0 5  .22 -- 
1.00 1.00 
19 9  
T e s t  Car  Braking 
D av I Nigh t  
Frequency of  P a s s i n g ,  Brak ing ,  No Over t  Response - The 
r e s p o n s e s  o f  d r i v e r s  on t h e  two-lane r o a d s ,  i n  t e rms  o f  p a s s i n g ,  
b r a k i n g ,  o r  making no r e s p o n s e  ( i . e . ,  n o t  b r a k i n g )  t o  c o a s t i n g  
I 
Nigh t  
With Without  
APS APS 
.32 .59 
.18 . 1 2  
.50 .29 - - 
1.00 1.00 
2 2  1 7  
With Without  
APS APS 
-42  .60 
.29 . 1 0  
.29 .30 -- 
1.00 1.00 
7 10 
o r  b r a k i n g  o f  t h e  l e a d  c a r ,  a r e  shown i n  Tab le  37. In t h i s  c a s e ,  
With Without  
APS APS 
.50 .40 
, 2 5  .40 
.25 .20 - - 
1.00 1 .00  
2 0 15  
I 
it w i l l  be  n o t e d  t h a t  none o f  t h e  v e h i c l e s  passed  t h e  t e s t  c a r ,  
b e c a u s e  t h e y  were c o n s t r a i n e d  by t h e  few o p p o r t u n i t i e s  f o r  over -  
t a k i n g  on t h e s e  r o a d s .  I t  w i l l  a g a i n  b e  n o t e d ,  t h a t  t h e  propor-  
t i o n  o f  r e s p o n s e s  i n  b r a k i n g  when t h e  t e s t  c a r  was c o a s t i n g  o r  
a p p l y i n g  t h e  b r a k e s ,  w i t h  and w i t h o u t  t h e  a c c e l e r a t o r  p o s i t i o n  
s i g n a l ,  a r e  q u i t e  s i m i l a r .  A Ch i - square  t e s t  on t h e s e  d a t a  a l s o  
proved t o  b e  n o n - s i g n i f i c a n t .  I t  can b e  s e e n  t h a t  t h e r e  were 
TABLE 37. PROPORTION OF RESPONSES OF DRIVERS FOLLOWING THE TEST 
CAR WITH AND WITHOUT THE ACCELERATOR POSITION SIGNAL 
(APS)  , ON TWO-LANE ROADS. 
c o n s i d e r a b l y  g r e a t e r  p r o p o r t i o n s  of r e sponses  of t h e  fo l lowing-  
c a r  d r i v e r  i n  b r a k i n g  when t h e  t e s t  c a r  a p p l i e d  i t s  b r a k e s ,  t h a n  
was t h e  c a s e  on t h e  freeway. 
* 
E f f e c t s  of  Coas t ing  and Braking on Headway - For each v e h i c l e  
t h a t  fo l lowed t h e  t e s t  c a r  f o r  a  s u f f i c i e n t l y  long  p e r i o d  of t ime  
t h a t  i t  was c o n s i d e r e d  t o  be  i n  a  ca r - fo l lowing  mode, on t h e  two- 
l a n e  r o a d s ,  measurements were taken  of t h e  headway between t h e  
t e s t  c a r  and t h e  fo l lowing  c a r  a t  t h e  i n s t a n t  t h a t  t h e  t e s t  c a r  
began c o a s t i n g  o r  b r a k i n g ,  and t h e  headway which r e s u l t e d  a t  t h e  
end of  a  p e r i o d  of  f i v e  seconds o r  when t h e  fo l lowing  v e h i c l e  
a p p l i e d  t h e  b r a k e s .  For each  of t h e s e  c a s e s  t h e  f r a c t i o n  was 
computed which c o n s i s t e d  of  t h e  change i n  headway ( A H )  d i v i d e d  by 
t h e  i n i t i a l  headway ( H )  when t h e  t e s t  c a r  began c o a s t i n g  o r  
b r a k i n g .  These p r o p o r t i o n s  ( A H / H )  were o b t a i n e d  f o r  t h e  day and 
n i g h t  t e s t s ,  w i th  and w i t h o u t  t h e  a c c e l e r a t o r  p o s i t i o n  s i g n a l .  
The means of  t h e s e  p r o p o r t i o n s  are shown i n  Table 3 8  and can be 
t a k e n  a s  i n d i c a t i o n s  of  t h e  s e n s i t i v i t y  of t h e  d r i v e r  of  t h e  
fo l lowing  c a r  i n  responding  t o  c o a s t i n g  and b r a k i n g  of t h e  t e s t  
c a r ,  w i t h  s m a l l e r  v a l u e s  i n d i c a t i n g  g r e a t e r  s e n s i t i v i t y  of  t h e  
d r i v e r .  The v a l u e s  i n  p a r e n t h e s e s  benea th  t h e  mean p r o p o r t i o n  
. i 
Test Car Braking 
Response of 
~ o l l o w i n g  
D r i v e r  
Pas s  
Brake 
No Response 
T o t a l  




0  0  
. 6 2  .60 
- 3 8  .40 
- - r -  
1 . 0 0  1 , O O  
65  6 3 





0  0  
. 5 1  . 5 1  
b 4 9  .49 - - 















0  0  
. 1 4  .11 
. 8 6  .89 - -
1.00 1 . 0 0  
9 6  84 
TABLE 38. MEAN PROPORTION (g) OF CHANGE I N  HEADWAY OF FOLLOWING 
V E H I C L E ~ F I V E  SECONDS AFTER START OF TEST CAR COASTING 
OR WHEN FOLLOWING VEHICLE BRAKED, WITH AND WITHOUT 
ACCELERATOR POSITION SIGNAL (APS) , ON TWO-LANE ROADS. 
v a l u e s ,  a r e  t h e  mean headways when t h e  t es t  c a r  began c o a s t i n g  o r  
b r a k i n g ,  
I t  w i l l  b e  no t ed  t h a t  i n  most c o n d i t i o n s  t h e  d i f f e r e n c e s  i n  
t h e  mean p r o p o r t i o n s  a r e  q u i t e  s m a l l ,  c l e a r l y  showing no d i f f e r -  
ences  a t t r i b u t a b l e  t o  t h e  r e a r  l i g h t i n g  sys tems .  
However, t h e  c a s e  where t h e  l e a d  v e h i c l e  began c o a s t i n g  wi th-  
o u t  a response  i n  b r a k i n g  no t ed  by t h e  fo l l owing  d r i v e r ,  i n  t h e  
day t ime  t e s t ,  t h e  mean p r o p o r t i o n a l  change i n  headway was . 0 6  w i t h  
t h e  APS and .13  w i t h o u t  APS. While t h i s  d i f f e r e n c e  i n  t h e  r e sponse  
Action O f  
Test Car 
Night  Act ion of , 
Following 
v e h i c l e  
Day 
Coas t ing  
Coas t i ng  
Braking 
Brak ing  
With 
AF'S 
No. o f  
Cases 
With 
~ p s  
'~l'ile change i n  headway i s  taken  a s  t h e  d i f f e r e n c e  between t h e  
i n i t i a l  headway a t  s t a r t  of c o a s t i n g  o r  b r a k i n g  and t h e  headway a f t e r  
5  seconds ,  i f  t h e r e  i s  no r e sponse ,  o r  when t h e  fo l l owing  d r i v e r  
a p p l i e s  t h e  b r a k e s .  
* Inc ludes  sum of d i f f e r e n t  v e h i c l e s  and t h o s e  exposed more t h a n  
once ,  
**Values i n  p a r e n t h e s e s  are t h e  mean headway a t  s t a r t  of c o a s t -  






(151) * *  
. 1 9  
(107)  
.05 










( 1 2 8 )  
. 2 4  
(115)  
. l o  
( 1 4 0 )  
. 1 7  
( 1 1 4 )  
15 8  
22 






- 0 8  
(159) 
. I 2  
(138) 
143 i .05 1 (159)  
15 








o f  t h e  f o l l o w i n g  d r i v e r  d i d  s u g g e s t  a  b e n e f i t  a t t r i b u t a b l e  t o  t h e  
a c c e l e r a t o r  p o s i t i o n  s i g n a l ,  i t  w i l l  a l s o  be  no ted  t h a t  t h e  mean 
headway a t  which c o a s t i n g  began was 151  f t .  w i th  APS and 128 f t .  
w i t h o u t  A P S .  I f  i t  i s  assumed t h a t  t h e  c o a s t i n g  d e c e l e r a t i o n  of 
t h e  t e s t  c a r  i n  t h e s e  two c o n d i t i o n s  was t h e  same, on ave rage ,  
t h e n  it would be expec ted  t h a t ,  i f  t h e  d r i v e r  of t h e  f o l l o w i n g  
v e h i c l e  had n o t  changed speed ,  t h e  p r o p o r t i o n a l  change i n  t h e  
headway would b e  l e s s  a t  t h e  l o n g e r  i n i t i a l  headway t h a n  a t  t h e  
s h o r t e r  i n i t i a l  headway. This  p a r t l y  e x p l a i n s  t h e  s m a l l e r  v a l u e  
o b t a i n e d  w i t h  t h e  A P S  t han  w i t h o u t  i t ,  i n  t h i s  c o n d i t i o n .  A l l  of  
t h e  d i f f e r e n c e ,  however, cannot  be  e x p l a i n e d  i n  t h i s  way. Fur- 
thermore ,  t h e  mean p r o p o r t i o n a l  changes i n  t h e  headway w i t h  t h e  
APS s i g n a l  a r e  i n  no c a s e  l a r g e r  t han  w i t h o u t  t h e  s i g n a l ,  sugges t -  
i n g  t h a t  t h e r e  may be some b e n e f i t  t o  d r i v e r s  of  t h e  f o l l o w i n g  
v e l i i c l e s .  A t  t h e  same t i m e ,  i t  w i l l  be  no ted  t h a t  some of t h e  
c e l l s  have ve ry  few c a s e s ,  such a s  when t h e  t e s t  c a r  began c o a s t -  
i n g  and t h e  f o l l o w i n g  v e h i c l e  a p p l i e d  t h e  b r a k e s .  Where t h e r e  
a r e  such few c a s e s ,  d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  a r e  n o t  s u f -  
f i c i e n t l y  r e l i a b l e  f o r  i n f e r e n c e s  t o  be made of t h e  e f f e c t s  of 
t h e  s i g n a l  sys tems .  
I n  o r d e r  t o  f u r t h e r  e v a l u a t e  t h e  r e sponse  of  t h e  d r i v e r  of  
t h e  f o l l o w i n g  c a r  and t o  t a k e  accoun t  of t h e  i n i t i a l  headway when 
t h e  l e a d  c a r  c o a s t e d  o r  b raked ,  an a n a l y s i s  of c o v a r i a n c e  was 
made on t h e  headway e x i s t i n g  a f t e r  f i v e  seconds of c o a s t i n g  o r  
wnen t h e  d r i v e r  of  t h e  fo l lowing  c a r  b raked .  
Table  39 shows t h e  r e s u l t i n g  mean headways i id jus ted  f o r  t h e  
i n i t i a l  headway a t  t h e  s t a r t  of  c o a s t i n g  o r  b r a k i n g  of t h e  l e a d  
c a r ,  i n  day and n i g h t  t e s t s  and w i t h  and w i t h o u t  t h e  APS. The 
a n a l y s i s  o f  c o v a r i a n c e  showed t h a t  t n e r e  was a s i g n i f i c a n t  main 
e f f e c t  of t h e  APS i n  t h e  day and n i g h t  t e s t  when t h e  l e a d  c a r  
c o a s t e d  f o r  t h e  f i r s t  t ime i n  t h e s e  cond i t i o r l s  and no overt 
r e sponse  ( i . e . ,  b r a k i n g )  was made by  t h e  fo l lowing  c a r .  The mean 
headways which r e s u l t e d  were g r e a t e r  w i t h  t h e  APS on than  o f f  by 
TABLE 39.  PEAN HEADWAY AT RESPONSE (FEET) ADJUSTED FOR HEADWAY 
AT SIGNAL PRESENTATION WITH AND WITHOUT THE ACCELERATOR 
POSITION SIGNAL IN DAY AND NIGHT TESTS ON THE TWO-LANE 
ROAD. 
1 7 . 4  f t .  i n  t h e  day  and 1 4 . 8  f t .  a t  n i g h t .  The a n a l y s i s  a l s o  showed 
t h a t  on t h e  s e c o n d  e x p o s u r e  t o  c o a s t i n g ,  t h e r e  were  no s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  r e s u l t i n g  mean headways w i t h  o r  w i t h o u t  t h e  APS. 
T h e r e  were n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean headways i n  t h o s e  
c a s e s  where  t h e  l e a d  c a r  b r a k e d .  
r 
Action O f  
Test Car 
C o a s t i n g  
* A f t e r  5  s e c o n d s  o r  a t  b r a k i n g .  
AP S 

















A c t i o n  o f  
F o l l o w i n g  











1 5 0 . 8  
131.2  
131 .4  
138 .0  
135 .0  
154 .6  
149 .5  
1 6 3 . 1  
153 .0  
1 1 7 . 0  
1 0 9 . 8  
126 .4  
115.6  
N i g h t  
Day 
N i g h t  
Day 
N i g h t  
Day 
N i g h t  
Number 
o f  Cases  












2  1 
21  
2  1 
2 1  
( F i r s t  Exposure )  
C o a s t i n g  No Response 
(Second Exposure )  
B r a k i n g  
B r a k i n g  
No Response 
B r a k i n g  
A l i n e a r  r e g r e s s i o n  a n a l y s i s  was a l s o  made between t h e  i n i t i a l  
and r e s u l t i n g  headways,  f o l l o w i n g  c o a s t i n g  o r  b r a k i n g  of t h e  l e a d  
c a r .  Tab le  40  shows t h a t ,  w i t h i n  a s e t  o f  c o n d i t i o n s  of  a c t i o n s  
TABLE 4 0 .  SUMMARY OF LEAST SQUARE REGRESSIONS (PREDICTION OF 
HEADWAY AT RESPONSE FROM HEADWAY AT S I G N A L  PRESENTA- 
T I O N )  WITH AND WITHOUT THE ACCELERATOR P O S I T I O N  
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2 1 - 
DAYTIME TEST 
C o a s t  -+ No R e s p o n s e  
F i r s t  E x p o s u r e  
I I 1 I I 1 
HEADWAY WHEN TEST CAR BEGINS COASTING ( F E E T )  
NIGHTTIME TEST 
HEADWAY WHEN TEST CAR BEGINS COASTING ( F E E T )  
0 
FIGURE 2 5 .  REGRESSION LIIJES FOR PREDICTION OF HEADWAY F I V E  
SECONDS AFTER THE TEST CAR BEGINS COASTING FROM 
HEADWAY WHEN THE TEST CAR BEGINS COASTING (WHEN 
THE FOLLOWING CAR DID NOT BRAKE),  DATA FROM THE 
F I R S T  TRIAL OF THE DAY AND NIGHT T E S T S ,  WITH AND 
WITIiOUT THE APS.  
C o a s t  -+ No R e s p o n s e  
F i r s t  E x p o s u r e  
I 1 1 1 1 t 
I WITHOUT APS 
DAYTTME TEST, 
C o a s t  + No R e s p o n s e  
S e c o n d  E x p o s u r e  
APS 
WITH APS 
C o a s t  + No R e s p o n s e  
S e c o n d  E x p o s u r e  
FIGURE 2 6 .  REGRESSION L I N E S  FOR PREDICTION OF HEADWAY 
F I V E  SECONDS AFTER THE T E S T  CAR BEGINS COASTING 
FROM HEADWAY WHEN THE TEST CAR BEGINS COASTING 
(WHEN THE FOLLOWING CAR DID NOT BRAKE).  DATA 
FROM THE SECOND TRIAL OF THE DAY AND NIGHT T E S T S ,  
WITH AND WITHOUT THE A P S .  
DAYTIME TEST 
B r a k e  + No Response 
WITH APS 
Brake + No R e s p o n s e  
0 4 v 1 1 1 I i 
FIGURE 2 7 .  PiJ3GRESSION L I N E S  FOR PREDICTION OF HEADWAY F I V E  
SECONDS AFTER THE TEST CAR BEGINS BRAKING FROM 
HEAIIWAY WHEN THE TEST CAR BEGINS BRAKING (WHEN 
THE FOLLOWING CAR D I D  NOT BRAKE).  DATA FROM 
THE DAY AND NIGHT T E S T S ,  WITH AND WITHOUT APS.  
WITH APS 
DAYTIME TEST 
I Brake -+ B r a k e  
0 50 100 150 200 250 300 





B r a k e  + B r a k e  
HEADWAY WHEN TEST CAR BEGINS BRAKING ( F E E T )  
FIGURE 2 8 .  REGRESSION L I N E S  FOR P m D I C T I O I J  O F  HEADWAY 
WHEN THE FOLLOiVING CAR BEGINS BRAKING FROM 
HEALIWAY WHEN THE TEST CAR BEGINS BRAKING. 
DATA FROM THE DAY AND NIGHT T E S T S ,  WITH 
AND WITHOUT APS .  
were t h e  same whether  t h e  A P S  was on o r  n o t .  The g e n e r a l l y  h igh  
v a l u e s  of  t h e  c o e f f i c i e n t  of  d e t e r m i n a t i o n  ( r 2 )  shows t h a t  t h e  
r e s u l t i n g  headway was g r e a t l y  i n f l u e n c e d  by t h e  i n i t i a l  headway. 
Where t h e  l e a d  c a r  b raked  and t h e r e  was no o v e r t  ( b r a k e )  r e sponse  
by t h e  fo l lowing  c a r  ( F i g u r e  27) t h e  s l o p e s  of  t h e  l i n e s  a r e  
s i m i l a r  t o  t h o s e  where t h e  l e a d  c a r  c o a s t e d ,  s u g g e s t i n g  t h a t  t h e  
d e c e l e r a t i o n  of t h e  l e a d  c a r  i n  b r a k i n g  produced l i t t l e  e f f e c t  on 
t h e  r e l a t i v e  v e l o c i t y  s o  t h a t  t h e  headway d i d  n o t  change much, 
and t h u s  d i d  n o t  impose a  requi rement  f o r  b r a k i n g  on t h e  d r i v e r  of  
t h e  fo l lowing  c a r .  When t h e  fo l lowing  c a r  d r i v e r  d i d  b rake  a f t e r  
b r a k i n g  of  t h e  l e a d  c a r ,  t h e  s l o p e  of t h e  l i n e s  ( F i g u r e  2 8 )  i s  
l e s s ,  showing t h a t  t h e  gap had dec reased  t o  a  g r e a t e r  e x t e n t ,  
r e q u i r i n g  b r a k i n g  by t h e  d r i v e r  of t h e  fo l lowing  c a r .  I n  t h i s  
c a s e ,  t h e  r e s u l t i n g  headways were g r e a t e r  w i t h  t h e  APS on t h a n  
o f f ,  b u t  t h e  d i f f e r e n c e s  between t h e  means were n o t  s i g n i f i c a n t  
acco rd ing  t o  t h e  a n a l y s i s  o f  c o v a r i a n c e ,  
The c a s e s  where t h e  l e a d  c a r  c o a s t e d  w i t h o u t  t h e  fo l lowinq  
c a r  b r a k i n g  ( c o a s t i n g  + no r e sponse )  a r e  shown i n  F i g u r e s  2 5  and 
26 ,  f o r  t h e  f i r s t  and second exposures  t o  t h i s  c o n d i t i o n ,  respec-  
t i v e l y .  C l e a r l y ,  on t h e  second exposu re ,  t h e r e  a r e  no d i f f e r e n c e s  
i n  t h e  r e s u l t i n g  headways a t t r i b u t a b l e  t o  t h e  APS i n d i c a t i n g  t h a t  
d r i v e r s  responded t h e  same whether  t h e  APS c o a s t i n g  s i g n a l  appeared 
on o r  n o t .  On t h e  f i r s t  exposure  ( F i g u r e  2 5 )  t h e  r e s u l t i n g  head- 
ways were g r e a t e r  when t h e  APS was on than  o f f .  
The d a t a  s u g g e s t  t h a t  t h e  d r i v e r s  of  t h e  fo l lowing  c a r  had 
i n f r e q u e n t l y  removed t h e i r  f o o t  from t h e  a c c e l e r a t o r  a t  t h e  end 
o f  f i v e  seconds of c o a s t i n g  of t h e  l e a d  c a r  when t h e  APS was o f f ,  
and t h e  d i f f e r e n c e  between t h e  i n i t i a l  headway and the headway 
f i v e  seconds l a t e r  i s  l a r g e l y  a t t r i b u t a b l e  t o  c o a s t i n g  of  t h e  
l e a d  c a r .  This  i s  r e a s o n a b l e  i f  i t  i s  assumed t h a t  t h e  l e a d  c a r  
d e c e l e r a t e d ,  i n  c o a s t i n g ,  a t  about  2 f t . / s e c .  2 ,  a s  i s  t y p i c a l  
(Mort imer ,  1971) f o r  such a  v e h i c l e ,  s o  t h a t  i n  f i v e  seconds t h e  
headway would be  r educed  by a b o u t  25 f t ,  i f  t h e  f o l l o w i n g  c a r  
m a i n t a i n e d  t h e  same speed  a s  t h e  l e a d  c a r  b e f o r e  it began t o  
c o a s t .  F i g u r e  25 shows t h a t  headways a r e  reduced  by a b o u t  15- 
25 f t ,  i n d i c a t i n g  t h a t  t h e  f o l l o w i n g  v e h i c l e  r a r e l y  began t o  
c o a s t  w i t h i n  f i v e  s econds  w i t h o u t  t h e  APS. 
With t h e  APS, t h e  r e d u c t i o n s  i n  headways a r e  1 0  f t .  o r  less 
( F i g u r e  2 5 ) ,  s u g g e s t i n g  t h a t  t h e  f o l l o w i n g  c a r  began t o  c o a s t  
soon  a f t e r  t h e  o n s e t  o f  t h e  ye l l ow  c o a s t i n g  s i g n a l .  
However, on the  second  exposu re  t o  t h e s e  c o n d i t i o n s  ( F i g u r e  
26) t h e  c o a s t i n g  s i g n a l  of t h e  APS evoked a  c o a s t i n g  r e s p o n s e  
from d r i v e r s  o f  t h e  f o l l o w i n g  c a r  l e s s  f r e q u e n t l y ,  and abou t  t h e  
same a s  t h o s e  f o l l o w i n g  t h e  t e s t  c a r  w i t h o u t  t h e  A c c e l e r a t o r  
~ o s i t i o n  S i g n a l .  
Car-Fol lowing A n a l y s i s  - I n  t h e  two-lane road  t e s t  t h e  head- 
way and r e l a t i v e  v e l o c i t y  of each  f o l l o w i n g  v e h i c l e  was measured 
f o r  a  p e r i o d  of  one minute  of  c a r - f o l l o w i n g  a t  i n t e r v a l s  of f o u r  
s econds .  The mean and s t a n d a r d  d e v i a t i o n s  of  t h e  headways and 
r e l a t i v e  v e l o c i t i e s  of t h e s e  v e h i c l e s  i n  t h e  day and n i g h t  t e s t s ,  
w i t h  and w i t h o u t  t h e  k c e l e r a t o r  p o s i t i o n  S i g n a l  b e i n g  used  on 
t h e  t e s t  v e h i c l e ,  a r e  shown i n  Tab le  4 1 .  The d i s t r i b u t i o n s  of  
t h e  headways and r e l a t i v e  v e l o c i t i e s  a r e  shown i n  F i g u r e  29 and 
3 0 .  About 90% of t h e  headways were between 70 a n i  210 f t . ,  and 
t h e  r e l a t i v e  v e l o c i t i e s  were  between ' 5  rnph. 
TABLE 41. MEAN AND STANDARD DEVIATION OF HEADWAY (FEET) 
AND RELATIVE VELOCITY (FT/SEC) OE F3LLOWING 
VEHICLE FOR ONE MINUTE OF CAR-FOLLOI\?ING, WITH 
AND WITHOUT THE ACCELERATOR POSITION SIGNAL (APS 
Old THE TWO-LANE ROADS. 
Mean Headway 
S t a n d a r d  D e v i a t i o n  Headway 
Mean R e l a t i v e  V e l o c i t y  
S t a n d a r d  D e v i a t i o n  
R e l a t i v e  V e l o c i t y  
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RELATIVE VELOCITY (FT / sEC)  
SUBJECTIVE EVALUATIONS BY DRIVERS OF AN 
ACCELERATOR POSITION REAR SIGNAL SYSTEM 
O b j e c t i v e s  
The o b j e c t i v e s  o f  t h i s  s t u d y  were t o  o b t a i n  i n f o r m a t i o n  of  
t o e  a b i l i t y  o f  d r i v e r s  t o  r e c o g n i z e  t h e  i n t e n d e d  meaning of  
s i g n a l s  g iven  by t h e  A c c e l e r a t o r  P o s i t i o n  S i g n a l  System, p rov ide  
s u b j e c t i v e  e v a l u a t i o n  of  t h e i r  p e r c e i v e d  u s e f u l n e s s  o f  such 
s i g n a l s  i n  v a r i o u s  s c h e d u l e s  of s i g n a l  p r e s e n t a t i o n s ,  and t o  
e v a l u a t e ,  u n o b t r u s i v e l y ,  t h e i r  modulat ion of  t h e  a c c e l e r a t o r  and 
b r a k e  c o n t r o l s  a s  a n o t h e r  means of e v a l u a t i n g  t h e i r  r e sponse  t o  
t h e  s i g n a l s .  
Method 
S u b j e c t s  
S i x  male and 1 4  female  s u b j e c t s ,  r ang ing  from 2 0  t o  45 y e a r s  
o f  age ,  p a r t i c i p a t e d  i n  t h e  p r e s e n t  s t u d y .  A l l  s u b j e c t s  had a  
v a l i d  d r i v e r ' s  l i c e n s e  and normal c o l o r  v i s i o n .  Color  v i s i o n  was 
t e s t e d  u s i n g  p l a t e s  f i v e  and s i x  i n  s e c t i o n  one of  t h e  Dvorine 
Pseudo-Isochromatic  P l a t e s  (Dvor ine ,  1 9 5 3 ) .  
Appara tus  
Two s t a t i o n  wagons were used .  The l e a d  c a r  was equipped 
w i t h  an A c c e l e r a t o r  p o s i t i o n  S i g n a l  (APS),  and i s  t h e  same v e h i c l e  
a s  used i n  t h e  p r e v i o u s  t e s t  ( F i g u r e  2 3 ) .  
A p a i r  of mechanica l  c o u n t e r s  was l o c a t e d  on t h e  f r o n t  s e a t  
o f  t h e  l e a d  c a r  ( F i g u r e  2 4 ) .  These d e v i c e s  r eco rded  bo th  t h e  
number o f  a c c e l e r a t o r  r e l e a s e s  and t h e  n u d e r  of b r ake  a p p l i c a -  
t i o n s  made by t h e  d r i v e r .  Also l o c a t e d  on t h e  f r o n t  s e a t  was a  
c h a r t  r e c o r d e r ,  which made t ime p l o t  of a c c e l e r a t o r  and b rake  
a p p l i c a t i o n s  and r e l e a s e s .  
The second c a r  was d r i v e n  by a  s u b j e c t  accompanied by a  
second  e x p e r i m e n t e r  who r o d e  i n  t h e  back s e a t .  I t  was equ ipped  
w i t h  two e l e c t r o n i c  c o u n t e r s  which a l s o  r e c o r d e d  t h e  number o f  
a c c e l e r a t o r  r e l e a s e s  and b r a k e  a p p l i c a t i o n s  made by t h e  s u b j e c t .  
~ o t h  c a r s  were  equ ipped  w i t h  c i t i z e n s  band r a d i o  t r a n s -  
c e i v e r s .  
Desiqn and P rocedure  
Each s u b j e c t  d r o v e  t h e  second  ( f o l l o w i n g )  v e h i c l e  unde r  a  
s equence  o f  f i v e  c o n d i t i o n s ,  which a r e  d e s c r i b e d  below. The 
o r d e r  o f  c o n d i t i o n s  2A and 2 B  was r e v e r s e d  f o r  h a l f  t h e  s u b j e c t s ;  
o t h e r w i s e  a l l  s u b j e c t s  f o l l o w e d  t h e  same p r o c e d u r e .  Hal f  t h e  
s u b j e c t s  d r o v e  d u r i n g  t h e  d a y ,  and h a l f  d rove  a t  n i g h t .  
The c o n d i t i o n s  c o n s i s t e d  of  f i v e  combina t ions  of  r o a d  t y p e ,  
r e a r  l i g h t i n g  s y s t e m ,  and l e a d  c a r  d r i v i n g  p r o f i l e .  The r o a d s  
t r a v e l e d  were e i t h e r  s u b u r b a n - r u r a l  o r  u rban ;  t h e  r e a r  l i g h t i n g  
s y s t e m  was e i t h e r  t h e  APS o r  a  c o n v e n t i o n a l  sy s t em.  " D r i v i n g  
p r o f i l e "  r e f e r s  t o  t h e  p a t t e r n  of f o o t - p e d a l  maneuvers made by 
t i l e  e x p e r i m e n t e r  d r i v i n g  t h e  l e a d  c a r .  Wit11 r e g a r d  t o  t e s t i n g  
t n e  APS, b o t h  a c c e l e r a t o r - t o - b r a k e  (A+B) and a c c e l e r a t o r - t o -  
a c c e l e r a t o r  (A+A) maneuvers were of  i n t e r e s t .  For  example ,  i n  
an  A-+B maneuver,  t h e  sequence  of  APS l i g h t s  i s  g reen -ye l low- red ,  
t n e  y e l l o w  l i g h t  can  De a warning t h a t  b r a k i n g  i s  imminent .  But 
i n  an A-tA maneuver,  where t h e  sequence  o f  l i g h t s  i s  green-ye l low-  
g r e e n ,  t h e  y e l l o w  l i g n t  can  be  a  f a l s e  a l a r m  t h a t  i n d i c a t e s  l i t t l e  
change i n  s p e e d .  Thus,  t11c r e l a t i v e  p ropor t l o r i s  cif A-*B and A+A 
maneuvers i n f l u e n c e s  t h e  e f f e c t i v e n e s s  o f  t h e  i iPS .  These p ropor -  
t i o n s  were s y s t e m a t i c a l l y  v a r i e d  by t h e  e x p c r l m e n t e r  d r i v i n g  t h e  
l e a d  c a r .  
S u b j e c t s  were i n s t r u c t e d  (Appendix 2 D )  t o  f o l l o w  t h e  l e a d  
c a r  and t o  p e r i o d i c a l l y  f i l l  o u t  q u e s t i o n n a i r e s  c o n c e r n i n g  t h e  
APS. These q u e s t i o n n a i r e s ,  which were  f i l l e d  out a f t e r  each o f  
t h e  f i r s t  f o u r  d r i v i n g  c o n d i t i o n s ,  concerned  s u b j e c t s  ' s u b j e c t i v e  
r e a c t i o n s  t o  t h e  APS. S u b j e c t s  were n o t  informed abou t  t h e  mean- 
i n g  of  t h e  s i g n a l  l i g h t s  u n t i l  a f t e r  t h e  f i r s t  c o n d i t i o n  had been 
completed.  S u b j e c t s  were neve r  informed t h a t  t h e i r  f o o t - p e d a l  
maneuvers were b e i n g  moni tored .  
The f i r s t  c o n d i t i o n  was an 8 .5-mile  warmup d r i v e ,  d u r i n g  
which t h e  s u b j e c t  fo l lowed t h e  l e a d  c a r  on a  s e m i - r u r a l  r o u t e .  
Th i s  was i n t e n d e d  t o  accustom s u b j e c t  t o  t h e  f e e l  of t h e  c a r  and 
t h e  n a t u r e  of  t h e  c a r - f o l l o w i n g  t a s k .  The APS was t u r n e d  on d u r i n g  
t h i s  d r i v e ,  i n  o r d e r  t o  g i v e  t h e  s u b j e c t  some exposure  t o  i t  and 
t o  a l l ow  him t o  i n f e r  t h e  meaning of t h e  s i g n a l s .  The l e a d  c a r ' s  
d r i v i n g  p r o f i l e  was n o t  c o n t r o l l e d  d u r i n g  t h i s  r u n ;  expe r imen te r  
d rove  a s  h e  would normal ly .  The f i r s t  q u e s t i o n n a i r e  d e a l t  w i t h  
t h e  s u b j e c t ' s  unde r s t and ing  of tile sys tem.  A f t e r  t h e  s u b j e c t  had 
f i l l e d  i t  o u t ,  h e  was t o l d  t h e  meaning of t h e  s i g n a l  l i g h t s .  
Tile second c o n d i t i o n  ( d e s i g n a t e d  a s  c o n d i t i o n  2 A )  i nvo lved  
a  6 .3-mile  d r i v e  o v e r  a  subu rban - ru ra l  r o u t e  w i t h  t h e  APS t u r n e d  
on.  For t h i s  c o n d i t i o n ,  t h e  expe r imen te r  d r i v i n g  t h e  l e a d  c a r  
e x h i b i t e d  a  d r i v i n g  p r o f i l e  which approximated a  r a t i o  of f o u r  
A+B maneuvers f o r  eve ry  one A+A maneuver, w i th  r e l a t i v e l y  l ong  
c o a s t s .  Maneuvers were t imed t o  r e f l e c t  a c t u a l  road  c o n d i t i o n s  
a s  much a s  p o s s i b l e ,  s o  a s  n o t  t o  appear  a r t i f i c i a l .  This  d r i v i n g  
p r o f i l e  was i n t e n d e d  t o  maximize APS e f f e c t i v e n e s s ,  i n  t h a t  t h e  
ye l l ow  l i g h t  s e r v e d  a s  a  meaningful  warning of an impending b r a k e  
a p p l i c a t i o n  a  l a r g e  p r o p o r t i o n  of t h e  t ime  and of a  long  c o a s t i n g  
p e r i o d  which reduced  t h e  v e h i c l e ' s  speed .  
The t h i r d  c o n d i t i o n  ( d e s i g n a t e d  a s  c o n d i t i o n  2E3) i nvo lved  
t h e  same r o u t e  a s  2 A ,  d r i v e n  i n  t h e  o p p o s i t e  d i r e c t i o n .  The APS 
was t u r n e d  on.  Here t h e  l e a d  c a r  e x h i b i t e d  a  d r i v i n g  p r o f i l e  
which approximated a  r a t i o  of seven  A+B maneuvers t o  s i x  A+A 
maneuvers.  The expe r imen te r  a l s o  a t t emp ted  t o  employ t h r e e  vary-  
i n g  l e n g t h s  of  c o a s t i n g  i n t e r v a l  between p e d a l  a p p l i c a t i o n s :  
s h o r t  (.6 s e c s . )  , medium ( 1 . 2  s e c s . )  , and long  ( 2 . 4  s e c s . )  . 
Thi s  d r i v i n g  p r o f i l e  was i n t e n d e d  t o  s i m u l a t e  "normal"  d r i v i n g  
n a b i t s ,  a s  e s t i m a t e d  from d a t a  c o l l e c t e d  i n  an e a r l i e r  long-term 
s t u d y  (Mor t imer ,  1 9 7 0 ) .  To f a c i l i t a t e  h i s  e x h i b i t i o n  of such a  com- 
p l e x  p r o f i l e ,  t h e  e x p e r i m e n t e r  fo l lowed one of s i x  s p e c i f i c  programs 
o f  randomly o r d e r  maneuvers ,  a g a i n  a d a p t i n g  them t o  e x t e r n a l  road  
and t r a f f i c  c o n d i t i o n s .  
Cond i t i ons  2 A  and 2 B  were d r i v e n  i n  t l i z t  o r d e r  f o r  h a l f  t h e  
s u b j e c t s  and i n  r e v e r s e  o r d e r  f o r  t h e  o t h e r  h a l f .  I d e n t i c a l  ques-  
t i o n n a i r e s  were used f o r  bo th  of t h e s e  c o n d i t i o n s .  They asked  
q u e s t i o n s  r e l a t i n g  t o  t h e  u t i l i t y  and c o n s i s t e n c y  of  i n f o r m a t i o n  
p rov ided  by t h e  APS, p a r t i c u l a r l y  by t h e  ye l low lamp. 
Condi.tion 3 ( t h e  f o u r t h  i n  t h e  sequence)  was an 8 .1-mile  
d r i v e  th rough  an  urban a r e a .  The APS was t u r n e d  on.  The d r i v e r  
o f  t h e  l e a d  c a r  fo l lowed no s p e c i f i c  d r i v i n g  p r o f i l e  d u r i n g  t h i s  
r u n .  The q u e s t i o n n a i r e  f o l l o w i n g  t h i s  c o n d i t i o n  d e a l t  w i t h  gen- 
e r a l  q u e s t i o n s  conce rn ing  t h e  s u b j e c t ' s  v a r i o u s  o v e r a l l  r e a c t i o n s  
t o  t h e  APS. Tlle sequence  i n  which q u e s t i o n n a i r e s  were completed 
and t h e  d r i v i n g  c o n d i t i o n s  i nvo lved  a r e  shown i n  Table  4 2 .  
TABLE 4 2 .  LISTIIJG OF QUESTIONNAIRES COMPLETED BY SUBJECTS 
AFTER EACII OF TiIE F I R S T  FOUR D R I V I X C  C O N D I T I O N S .  
J 
D e s c r i p t i o n  of 
Dr iv ing  Cond i t i on  
Dr lv ing  
Cond i t i on  
4 
Q1 




2 A  
2 B  
3 
warmup, APS o n ,  no d r i v i n g  p r o f i l e  
s u b u r b a n - r u r a l   rout^: , APS on ,  d r i v i n g  
p r o f i l e  of f o u r  a c c c i c r a t o r - b r a k e  
maneuvers t o  one a c c e l e r a t o r - a c c e l e r a t o r  
maneuver. 
s u b u r b a n - r u r a l  r o u t e ,  APS o n ,  d r i v i n g  
p r o f i l e  of seven  a c c e l c r a t o r - b r a k e  
maneuvers t o  s i x  a c c e l e r d t o r - a c c e l e r a t o r  
maneuvers.  
c i t y  r o u t e ,  APS o n ,  no  d r l v i n g  p r o f i l e .  
A f t e r  t h e  s u b j e c t  had f i l l e d  o u t  t h i s  q u e s t i o n n a i r e ,  t h e  e x p e r i -  
menter  t o l d  him t h a t  t h e  exper iment  was o v e r ,  p a i d  him, and t o l d  
llim t o  f o l l o w  t h e  l e a d  c a r  back t o  t h e  s t a r t i n g  p o i n t .  During 
t n i s  f i n a l  6 .3 -mi le  d r i v e ,  t h e  expe r imen te r  i n i t i a t e d  a  c a s u a l  con- 
v e r s a t i o n  w i t h  t h e  s u b j e c t  t o  f u r t h e r  encourage s u b j e c t ' s  b e l i e f  
t h a t  t i le exper iment  was f i n i s h e d .  I n  f a c t ,  t n i s  r e t u r n  t r i p  was 
Condi t ion  4 of  t h e  exper iment .  The r o u t e  was t h e  same a s  t h a t  
o f  2A o r  2 b .  The APS was t u r n e d  o f f ;  on ly  t h e  c o n v e n t i o n a l  r e a r  
1igi" l t ing sys tem was i n  use .  The d r i v e r  of t h e  l e a d  c a r  e x h i b i t e d  
t i le same d r i v i n g  p r o f i l e  t h a t  was used i n  Condi t ion  2 B  ( seven  A+B 
t o  s i x  A+A maneuvers ) .  The p e d a l  c o u n t e r s  i n  t h e  s u b j e c t ' s  
v e h i c l e  remained on ,  b u t  no q u e s t i o n n a i r e  was g iven  a t  t h e  end 
of  t h e  d r i v e .  This  c o n d i t i o n  was i n t ended  t o  g i v e  a  b a s e l i n e  
p e d a l  coun t  f o r  s u b j e c t  when d r i v i n g  under  normal c o n d i t i o n s  ( i . e . ,  
w i t h o u t  t h e  APS, and w i t h o u t  t h e  awareness  t h a t  he  was s t i l l  a  
s u b j e c t )  . 
Thus, t h e  d a t a  c o l l e c t e d  were i n  t h e  form of p e d a l  coun t s  f o r  
bo th  t n e  s u b j e c t  and t h e  l e a d  c a r  d r i v e r ,  and t h e  s u b j e c t ' s  sub- 
j e c t i v e  q u e s t i o n n a i r e  answers .  A t ime p l o t  of t h e  l e a d  c a r  
d r i v e r ' s  p e d a l  maneuvers was made d u r i n g  each of t h e  f i v e  condi -  
t i o n s .  Q u e s t i o n n a i r e s  were a d m i n i s t e r e d  a f t e r  each of t h e  f i r s t  
f o u r  c o n d i t i o n s .  The q u e s t i o n n a i r e s  a r e  snown i n  Appendix 3.  
R e s u l t s  
C x ~ e r i r n e n t e r  I s  Dr iv inq  Behavior  
Table  43 and F i g u r e s  31 and 3 2  show t h e  deg ree  t o  which t h e  
expe r imen te r  d r i v i n g  t h e  l e a d  v e h i c l e  was a b l e  t o  approximate  t h e  
d r i v i n g  p r o f i l e s  he  was fo l l owing  i n  Cond i t i ons  2A, 2 B  and 4 .  
The p r o f i l e  f o r  Condi t ion  2A was f o u r  A B maneuvers t o  eve ry  one 
A-tA maneuver, w i t 1 1  r e l a t i v e l y  long  c o a s t s .  The p r o f i l e  f o r  
Cond i t i ons  2B and 4 was seven A-I3 maneuvers t o  s i x  A-A maneuvers 
Mort imer 
(1970) 
0 1 2 3 4 5 6 7 8 9 1 0  
COASTIldG TIME (SECONDS) 
FIGURE 31. CUMULATIVE PERCENTAGE DISTKLBUTIONS OF COASTING TIMES 
BETWEEN ACCELERATOR RELEASE AND UFGIKE APPLICATION FOR 
DRIVING CONDITIONS 2A, 2B AND 4, AND FOR MORTII4ER'S 
( 1 9 7 0 )  NORMATIVE STUDY. 
timer 
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FIGURE 3 2 .  CUMULATIVE PERCENTAGE DIS1l'H1BUTIONS OF COASTING T I M E S  
BETWEEN ACCELERATOR RELEASE A N D  A C C E L E M T O R  APPLICATION 
FOR DRIVING CONDITIONS ZA, 2 U  AND 4, A N D  FOR MORTIMER'S 
( 1 9 7 0 )  N O W T I V E  STUDY. 
TABLE 4 3 .  ACTUAL AND TARGET RATIOS OF ACCELERATOR+BRAKE 
( A-tB ) IWJEUVE RS TO ACCELERATOR+ACCELERATOR 
(A+A)  MANEUVERS MADE BY EXPERIMENTER D U R I N G  
THE FIVE D R I V I N G  CONDITIONS. 
w i t h  s n o r t e r ,  v a r y i n g  d u r a t i o n s  of c o a s t s .  The p r o f i l e  f o r  
A'B/A'A 
R a t i o  
Ac tua l  
T a r g e t  
C o n d i t i o n s  2B and 4 was d e r i v e d  from N o r t i m e r ' s  (1970)  normat ive  
,. 
D r i v i n g  Cond i t i on  
1 2 A  2B 3 4 
1 .33  3.59 0.94 1 .99  0.92 
- 4.00 1 .17  - 1 . 1 7  
s t u d y  . 
Table  43 snows a  comparison between t h e  a c t u a l  and t a r g e t  
r a t i o s  o f  A+B t o  A-+A maneuvers i n  t h e  f i v e  d r i v i n g  c o n d i t i o n s .  
Tile a c t u a l  r a t i o s  were a l l  s l i g n t l y  s m a l l e r  t h a n  t h e  t a r g e t  o n e s ,  
b u t  t h e  r a t i o s  i n  Cond i t i ons  2i3 and 4 were q u i t e  s i m i l a r  and much 
s m a l l e r  t h a n  t h e  r a t i o  i n  2A, as  i n t e n d e d .  
F i g u r e  31  shows t h e  cumula t i ve  d i s t r i b u t i o n s  o f  c o a s t i n g  
t i m e s  f o r  A-+I3 maneuvers i n  C o n d i t i o n s  2 A  and 4 ,  and i n  Mor t imer ' s  
(1970)  s t u d y .  Trle  c o a s t i n g  d u r a t i o n s  i n  Conditions 2 B  and 4 were  t h e  
same, and c l o s e  t o  t h e  1970 d u r a t i o n s  except a t  t h e  upper  end o f  
t h e  d i s t r i b u t i o n .  The c o a s t i n g  d u r a t i o n s  i n  Cond i t i on  2 A  were 
l o n g e r ,  a s  i n t e n d e d .  
F i g u r e  32 shows t h e  cumula t i ve  d i s t r i b u t i o n s  of c o a s t i n g  
times f o r  A+A maneuvers i n  C o n d i t i o n s  2 A ,  2 B  and 4 ,  and i n  
M o r t i m e r ' s  1970 s t u d y .  C o a s t i n g  t imes  i n  C o n d i t i o n s  2 B ,  4 and 
tile 1970 s t u d y  were r e l a t i v e l y  s i m i l a r ,  and s h o r t e r  t h a n  i n  
Cond i t i on  2 A .  
Peda l  Counts  
Two dependent  v a r i a b l e s  were d e r i v e d  for t h e  a n a l y s i s  o f  t h e  
p e d a l  coun t  d a t a :  ( a )  t h e  r a t i o  of a s u b j e c t ' s  a c c e l e r a t o r  r e l e a s e  
c o u n t  t o  e x p e r i m e n t e r ' s  a c c e l e r a t o r  r e l e a s e  coun t  f o r  each d r i v i n g  
c o n d i t i o n ;  ( b )  t h e  r a t i o  of a  s u b j e c t ' s  b r ake  a p p l i c a t i o n  coun t  t o  
e x p e r i m e n t e r ' s  b r ake  a p p l i c a t i o n  coun t  f o r  each d r i v i n g  c o n d i t i o n .  
These r a t i o s  r e f l e c t e d  how c l o s e l y  t h e  s u b j e c t ' s  p e d a l  maneuvers 
matched t h e  e x p e r i m e n t e r ' s  maneuvers. 
The independent  v a r i a b l e s  used i n  bo th  a n a l y s e s  of v a r i a n c e  
(ANOVA) were d r i v i n g  c o n d i t i o n  and ambient  l i g h t  (day  vs  n i g h t ) .  
The d r i v i n g  c o n d i t i o n  v a r i a b l e  had t h r e e  l e v e l s :  ( a )  Cond i t i on  2 A  
( subu rban - ru ra l  r o u t e ,  APS o n ,  d r i v i n g  p r o f i l e  of f o u r  a c c e l e r a t o r +  
u r a k e  maneuvers f o r  every  one a c c e l e r a t o r + a c c e l e r a t o r  maneuver) ;  
( b )  Condi t ion  2 B  ( subu rban - ru ra l  r o u t e ,  APS on ,  d r i v i n g  p r o f i l e  
of seven A+B maneuvers f o r  eve ry  s i x  A+A maneuvers ) ;  and ( c )  
Condi t ion  4 ( subu rban - ru ra l  r o u t e ,  A P S  o f f ,  p r o f i l e  of seven A+B 
t o  s i x  A+A maneuvers) . Cond i t i ons  1 (warmup) and 3 ( c i t y )  were 
n o t  i nc luded  i n  t h e  a n a l y s e s  because  t h e  r o u t e s  and p r o f i l e s  were 
n o t  comparable.  The l e v e l s  of t h e  ambient  l i g h t  v a r i a b l e  were 
day and n i g h t .  
The a c c e l e r a t o r  r e l e a s e  coun t  ANOVA showed a  s i g n i f i c a n t  
e f f e c t  of d r i v i n g  c o n d i t i o n  ( p < 0 . 0 1 ) .  N e i t h e r  t h e  main e f f e c t  
o f  ambient  l i g h t  no r  t h e  i n t e r a c t i o n  was s i g n i f i c a n t  a t  t h e  0.05 
l e v e l .  The Tukey ( b )  t e s t  was a p p l i e d  a s  a  post-hoc comparison 
among l e v e l s  of t h e  d r i v i n g  c o n d i t i o n  v a r i a b l e .  The v a l i d  com- 
p a r i s o n s  were between 2 A  and 2 B  (same r o u t e ,  s ane  r e a r  l i g h t i n g ,  
d i f f e r e n t  d r i v i n g  p r o f i l e ) ,  and between 2 B  and 4 (same r o u t e ,  
same d r i v i n g  p r o f i l e ,  d i f f e r e n t  r e a r  l i g h t i n g ) .  The nean r a t i o  
f o r  2A d i f f e r e d  from t h a t  f o r  2 B  a t  t h e  0 . 0 1  l e v e l ;  t h e  mean f o r  
2 B  d i f f e r e d  from t h a t  f o r  4 a t  t h e  0.05 l e v e l .  The mean r a t i o s  
a r e  shown i n  Table  44. 
The b rake  a p p l i c a t i o n  coun t  ANOVA sllowed no s i g n i f i c a n t  
e f f e c t s  o f  d r i v i n g  c o n d i t i o n ,  ambient l i g h t ,  o r  of t h e i r  i n t e r -  
a c t i o n .  The mean r a t i o s  a r e  shown i n  Table  45. 
TABLE 44. P4EA.N R A T I O S  OF S U B J E C T ' S  ACCELERATOR 
RELEASES TO EXPERIMENTER'  S ACCELERA- 
TOR RELEASES MADE UNDER D I F F E R E N T  
D R I V I N G  C O N D I T I O N S  DURING DAY AND 
NIGHT D R I V I N G .  
TABLE 45. MEAl; RATIOS OF S U B J E C T ' S  BTIRKE A P P L I C A -  
TIOlJS  TO EXPERIlTENTER' S  BRAKE A P P L I C A -  
'I'I013S IviADE UNDER D I F F E R E N T  DRIVI?JG 
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b 
D r i v i n g  
C o n d i t i o n  
2 A  




D r i v i n g  
C o n d i t i o n  
2 A  
213 
4 
M e a n  
Ambient L i g h t  
Uay N i g h t  





A m b i e n t  L i g h t  
I4 i gh t 
1 . 4 5  1 . 4 6  
1.35 1.30 
1.32 - 1 . 2 8  
1.37 1.34 
1 
lile a n  




Q u e s t i o n n a i r e s  
The r e s u l t s  from q u e s t i o n n a i r e  1 i n d i c a t e d  t h a t  75% of  t h e  
s u b j e c t s  c o r r e c t l y  i n f e r r e d  t h e  meaning of  t h e  t h r e e  APS s i g n a l  
lamps d u r i n g  t h e  warmup d r i v e .  
~ u e s t i o n n a i r e s  2 A  and 2B were i d e n t i c a l .  They c o n s i s t e d  o f  
f i v e  q u e s t i o n s  p r i m a r i l y  c o n c e r n i n g  t h e  c o n s i s t e n c y  o f  t h e  g r e e n  
and y e l l o w  lamps a s  i n d i c a t o r s  o f  impending s p e e d  c h a n g e s .  
Answers were  g i v e n  a s  r a t i n g s  on a  7 - p o i n t  s c a l e ;  r a t i n g s  were 
e x p e c t e d  t o  change  a s  a f u n c t i o n  o f  t h e  d r i v i n g  p r o f i l e  o f  t h e  
l e a d  c a r .  S p e c i f i c a l l y ,  r a t i n g s  were  e x p e c t e d  t o  d e c r e a s e  i n  t h e  
2 B  c o n d i t i o n ,  b e c a u s e  t h e  d r i v i n g  p r o f i l e  was s e v e n  A+B maneuvers 
t o  s i x  A+A maneuvers ,  t h u s  making t h e  y e l l o w  l i g h t  a  less  c o n s i s -  
t e n t  i n d i c a t o r  of impending b r a k i n g .  R a t i n g s  on t h e  2A and 2 B  
q u e s t i o n s  were c o n v e r t e d  t o  d i f f e r e n c e  s c o r e s  (2A-2B) f o r  e a c h  
s u b j e c t .  The mean d i f f e r e n c e  s c o r e s  were  a l l  p o s i t i v e  b u t  v e r y  
s n a l l ,  r a n g i n g  from .05 t o  .45 .  
Q u e s t i o n n a i r e  3 a sked  e l e v e n  q u e s t i o n s  c o n c e r n i n g  s u b j e c t s '  
o v e r a l l  r e a c t i o n  t o  t h e  APS. S u b j e c t s  r a t e d  t h e  APS a s  n o t  v e r y  
c o n f u s i n g  (mean r a t i n g  1 . 9 5  o u t  o f  7 ) ,  a s  n o t  c a u s i n q  much a p p r e -  
h e n s i o n  (mean r a t i n g  2 . 1 5 ) ,  and a s  s l i g h t l y  d i s t r a c t i n g  (mean 
r a t i n g  2 . 8 0 ) .  S u b j e c t s  c l a i m e d  t h a t  t h e  s y s t e m  l e d  them t o  
u n n e c e s s a r i l y  a p p l y  t h e  b r a k e s  i n f r e q u e n t l y  (mean r a t i n g  2 . 1 5 ) ,  
and  t o  u n n e c e s s a r i l y  r e l e a s e  t h e  a c c e l e r a t o r  m o d e r a t e l y  i n f r e -  
q u e n t l y  (mean r a t i n g  4 . 7 0 ) .  A more c o m p l e t e  summary o f  t h e  d a t a  
f rom a l l  t h e  q u e s t i o n n a i r e s  i s  g i v e n  i n  T a b l e  46 and Appendix 3.  
TABLE 46, SUMfIARY DATA FOR QUESTIONNAIFtES 
(RATING QUESTIONS O N L Y )  . 
~ u e s t i o n n a i r e  and 
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SUMMARY AiJD DISCUSSION 
The s t u d i e s  which have  been  d e s c r i b e d  i n  t h e  p r e c e d i n g  
s e c t i o n s  h a v e  been c o n c e r n e d  w i t h  t h e  development  o f  a  s i d e - t a s k  
f o r  u s e  i n  t h e  r e a r  l i g h t i n g  s i m u l a t o r ,  t h e  e v a l u a t i o n  o f  v a r i -  
o u s  r e a r  l i g h t i n g  s y s t e m s  i n  normal  and u n u s u a l  c a r - f o l l o w i n g  
c o n d i t i o n s  i n  t h e  s i m u l a t o r ,  a  l i m i t e d  r o a d  t e s t  o f  two o f  t h e  
r e a r  l i g h t i n g  s y s t e m s  f o r  compar ison w i t h  r e s u l t s  o b t a i n e d  i n  
t h e  s i m u l a t o r ,  and u n o b t r u s i v e  and s u b j e c t i v e  measurements  o f  
t h e  r e s p o n s e s  o f  d r i v e r s  t o  an a c c e l e r a t o r  p o s i t i o n  s i g n a l  
s y s t e m  i n  r o a d  t e s t s .  
A s  an a d j u n c t  t o  some o f  t n e s e  s t u d i e s  a  preliminary a n a l y s i s  
was made o f  i n - d e p t n ,  m u l t i - d i s c i p l i n a r y  a c c i d e n t  d a t a  i n v e s t i -  
g a t i o n s  i n  o r d e r  t o  a t t e m p t  t o  o u t a i n  a sample  o f  i n f o r m a t i o n  o f  
t h e  manner i n  whicil r e a r - e n d  c o l l i s i o n s  !lave o c c u r r e d .  T h i s  
a n a l y s i s  showed t h a t  a  l a r g e  p r o p o r t i o n  o f  t h e  a c c i d e n t  c a s e s  t h a t  
were sampled i n v o l v e d  r e a r - e n d  c r a s n e s  i n  which t h e  v e h i c l e  which 
was s t r u c k  was moving s l o w l y  o r  s t o p p e d ,  whereas  t h e  s t r i k i n g  
v e n i c l e s  had a  f a i r l y  wide  d i s t r i b u t i o n  o f  s p e e d s  b e f o r e  t h e  c r a s h .  
T h i s  g e n e r a l  r e s u l t  h a s  a l s o  ueen r e p o r t e d  p r e v i o u s l y  ( C a r p e n t e r ,  
1 9 6 6 ) .  O b v i o u s l y ,  r e a r - e n d  c r a s h e s  a l s o  o c c u r  u n d e r  o t h e r  c i rcum- 
s t a n c e s  o f  r e l a t i v e  s p e e d s  uetween tile v e h i c l e s  i n v o l v e d  (Mort imer  
and P o s t ,  1 9 7 2 ) ,  i n c l u d i n g  c a s e s  o f  h i g h  d e c e l e r a t i o n  by  t h e  s t r u c k  
v e l i i c l e .  Tliese c o n s i d e r a t i o n s ,  a s  well  a s  t h e  r e q u i r e m e n t s  o f  an  
e x p e r i m e n t  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  r e a r  l i g h t i n g  s y s t e m s ,  
l e d  t o  t i le  development  o f  a  s e t  o f  s c e n a r i o s  f o r  u s e  i n  a  s i m u l a -  
t o r  t e s t  o f  r e a r  l i g h t i n g  s y s t e m s .  
E v a l u a t i o n  o f  a Side-Task 
Tile i n i t i a l  s t u d y  was concerned  w i t h  t h e  e v a l u a t i o n  o f  a s i d e -  
t a s k  f o r  u s e  i n  t h e  r e a r  l i g h t i n g  s i m u l a t o r  i n  o r d e r  t o  d e t e r m i n e  
t h a t  t h e  t a s k  p r o v i d e s  s a i t a b l e  i n f o r m a t i o n a l  l o a d i n g  on t h e  sub-  
j e c t ,  t o  b e t t e r  s i m u l a t e  t h e  c o n d i t i o n s  p r e v a i l i n g  i n  c a r - f o l l o w i n g  
on t i le  ilighway i n  wilicn t h e  cues  p r e s e n t e d  by t h e  v e h i c l e  b e i n g  
fo l l owed  a r c  n o t  t i le o n l y  ones  of  concern  t o  a  d r i v e r .  The s i d e -  
t a s k  which was s e l e c t e d ,  c o n s i s t i n g  o f  d e t e c t i o n  of lamps mounted 
t o  t h e  l e f t  and r i g h t  o f  t h e  s u b j e c t ' s  fo rward  f i e l d - o f - v i e w ,  i s  
s i m i l a r  t o  t h a t  which has  been used  p r e v i o u s l y  i n  r o a d  e v a l u a -  
t i o n s  i n  c a r - f o l l o w i n g  t a s k s  ( l~ Io r t imer ,  1 9 7 0 ;  1 9 7 1 ) .  I n  bo th  t h e  
s i m u l a t o r  t e s t s  and i n  a  road  s t u d y  (l i lort imer,  1971) it was found 
t h a t  t h i s  t a s k  d i d  i n c r e a s e  t h e  t ime  r e q u i r e d  t o  i d e n t i f y  s i g n a l s  
g i v e n  by r e a r  l i g h t i n g  s y s t e m s ,  showing t h a t  it loaded  t h e  sub- 
j e c t s  i n  a  s u i t a b l e  manner. The e x t e n t  o f  t h e  l o a d i n g ,  a s  mea- 
s u r e d  by i n c r e a s e  i n  r e a c t i o n  t ime  t o  t h e  s i g n a l s  o f  t h e  r e a r  
l i g h t i n g  sys tems  were of a  comparable  magni tude t o  t h o s e  found i n  
tiie p r e v i o u s  r o a d  t e s t  (Mor t imer ,  1 9 7 1 ) .  The s i d e - t a s k  was t h e n  
used i n  a  subsequen t  s i m u l a t o r  t e s t  o f  a number o f  r e a r  l i g h t i n g  
sys t ems  . 
E v a l u a t i o n  of R e a r  L i g h t i n g  Systems 
i n  Normal, S imu la t ed  Car-Fol lowing 
Three r e a r  l i g h t i n g  sys tems  were e v a l u a t e d  i n  a  day t ime  simu- 
l a t i o n  and seven  i n  a  n i g h t t i m e  s i m u l a t i o n  of  a  c a r - f o l l o w i n g  t a s k .  
I n  t i ie day s i m u l a t i o n ,  sys tems  3 and 11 were found t o  have s i g n i f i -  
c a n t l y  lower  r e s p o n s e  t i m e s  t h a n  sys tem 1 i n  t h e  ~ d e n t i f i c a t i o n  of 
t u r n  s i g n a l s  which were preceded  uy s t o p  s i r j n a l s  ( T a b l e  9 ) .  There  
were  more d i f f e r e n c e s  i n  t h e  n i g h t  t e s t  between s y s t e m s ,  a s  shown 
i n  Tab le  8 .  The e x p e r i m e n t a l  r e a r  l i g h t i n g  sys tems  3 ,  4 ,  8 and 
11, wnich had been used  i n  p r e v i o u s  t e s t s  ( : l o r t imer ,  1970;  1974)  
had  significantly lower  mean r e s p o n s e  t imes  on ly  t o  t h e  s t o p  - 
t u r n  mode. P rev ious  s t u d i e s  i n  tile s i m u l a t o r  ( e . g . ,  Campbell and 
Mor t imer ,  1972)  had found s i g n i f i c a n t  e f f e c t s  i n  o t h e r  s i g n a l  modes 
of  t h e s e  sys tems  compared t o  sys t em 1, s u g g e s t i n g  t h a t  f u r t h e r  
exposu re  may have p rov ided  a d d i t i o n a l  s i g n i f i c a n t  f i n d i n g s .  The 
g e n e r a l  t r e n d  of t h e  r e s p o n s e  t i m e  d a t a  was ,  however,  s i m i l a r  t o  
t i i a t  found i n  some of  t h e  o t h e r  s t u d i e s .  
Of p a r t i c u l a r  i n t e r e s t  was t h e  f i n d i n g  t h a t  t h e  a c c e l e r a t o r  
p o s i t i o n  s i g n a l  (APS) i n  combina t ion  w i t h  sys tem 3 ( i . e . ,  s y s t e m  
3tAPS) produced a  lower  mean r e s p o n s e  t i m e  t o  s t o p  s i g n a l s  t h a n  
s y s t e m  3 ,  and i n  t h e  two combined s i g n a l  modes ( t u r n  -+ s t o p ,  -
s t o p  + t u r n )  t n a n  sys tems  1 and 1tAFS. S i n c e  s y s t e m  3  employed 
s t o p  lamps which a r e  s e p a r a t e d  from t h e  combined p r e s e n c e  and 
t u r n  lamps,  i t  i s  n o t  i n t u i t i v e l y  c l e a r  why t h e s e  r e s u l t s  s h o u l d  
nave  been o b t a i n e d .  I t  might  have  been e x p e c t e d  t h a t  sys tem 1tAPS 
would iiave p r o v i d e d  b e t t e r  s t o p  s i g n a l  d e t e c t a b i l i t y  t h a n  sys tem 1 
due t o  t h e  a d d i t i o n  of  t h e  r e d  s t o p  lamp mounted i n  t h e  c e n t e r  o f  
t h e  r e a r  of  t h e  v e h i c l e  which forms p a r t  o f  t h e  APS s i g n a l  lamps.  
I t  i s ,  t i l e r e f o r e ,  p a r a d o x i c a l  t h a t  tile APS lamps s h o u l d  a i d  
sys tem 3 ,  which a l r e a d y  p r o v i d e s  a  p rominen t  s t o p  s i g n a l .  
Var ious  measures  o f  c a r - f o l l o w i n g  performance were  a l s o  
t a k e n .  S u b j e c t s  were i n s t r u c t e d  t o  m a i n t a i n  a  c o n s t a n t  headway 
o f  150 f t .  and a c h i e v e d  an o v e r a l l  mean headway of  146.2  f t .  
Tnere  were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  mean headways 
a c h i e v e d  when f o l l o w i n g  t h e  l e a d  v e h i c l e  equ ipped  w i t h  any o f  
t h e  r e a r  l i g h t i n g  sys tems  ( T a b l e  11). fior  was t h e r e  a  d i f f e r e n c e  
a t t r i b u t a b l e  t o  s y s t e m  i n  t h e  s t a n d a r d  d e v i a t i o n  o r  v a r i a b i l i t y  
o f  t h e  headway. The s i d e - t a s k  dici i n c r e a s e  headway v a r i a b i l i t y  
( T a b l e  1 2 )  . S i n c e  c a r - f o l l o w i n g  a t  a  f i x e d  headway w i t h  t h e  l e a d  
c a r  would r e q u i r e  t h a t  t h e  v a r i a b i l i t y  of  and r e l a t i v e  v e l o c i t i e s  
between t h e  v e h i c l e s  i s  m a i n t a i n e d  a s  low a s  p o s s i b l e ,  t h e  
s t a n d a r d  d e v i a t i o n  o f  r e l a t i v e  v e l o c i t y  was a l s o  computed. I t  
was found t h a t  s y s t e m  3tAPS produced s i g n i f i c a n t l y  lower  v a r i -  
a b i l i t y  of  r e l a t i v e  v e l o c i t y  t h a n  sys tem 4 ,  b u t  no o t h e r  d i f f e r -  
e n c e s  between sys tems  were s i g n i f i c a n t .  The s i d e - t a s k  i n c r e a s e d  
t h e  v a r i a b i l i t y  of  iieadway and r e l a t i v e  v e l o c i t y ,  t h u s  showing 
t h a t  t h e  l o a d i n g  imposed by i t  a f f e c t e d  t h e s e  a p e c t s  of  t a s k  p e r -  
formance .  The v a r i a b i l i t i e s  i n  t h e  v e l o c i t y  o r  a c c e l e r a t i o n  o f  
t h e  f o l l o w i n g  v e h i c l e  were u n a f f e c t e d  by any o f  t h e  t e s t  c o n d i -  
t i o n s  ( T a b l e s  1 4 ,  1 5 )  . 
Measures of  t h e  f r equency  of  a c c e l e r a t o r  r e l e a s e s  and b r a k e  
p e d a l  a p p l i c a t i o n s  ( T a b l e s  1 6 ,  1 7 )  p r i m a r i l y  showed t h a t  t h e r e  
was a  wide d i s c r e p a n c y  i n  t h e  f r equency  w i t h  which s u b j e c t s  used 
t n e  c o n t r o l s .  
Thus,  t n e  per formance  measures  i n d i c a t e d  t h a t  t h e  s i d e - t a s k  
had  t i l e  e x p e c t e d  e f f e c t  i n  l o a d i n g  t h e  s u b j e c t s  and p r o d u c i n g  
i n c r e a s e s  i n  r e s p o n s e  t i m e s  t o  t h e  s i g n a l s  a s  w e l l  a s  a f f e c t i n g  
some of  t h e  c a r - f o l l o w i n g  measu re s ,  I n  g e n e r a l ,  t h e  d i f f e r e n c e s  
found between r e a r  l i g h t i n g  sys t ems  a r e  i n  a c c o r d  w i t h  p r e v i o u s l y  
o b t a i n e d  r e s u l t s ,  a l t h o u g h  t h e r e  were  fewer  s i g n i f i c a n t  d i f f e r -  
e n c e s  between sys t ems  i n  t h e  v a r i o u s  s i g n a l  modes. Where s i g n i f i -  
c a n t  d i f f e r e n c e s  i n  r e s p o n s e  t i m e s  were found ,  t h e  e f f e c t i v e n e s s  
of s y s t e m  1 was g e n e r a l l y  l e s s  t h a n  of  o t h e r  sy s t ems .  The pa ra -  
d o x i c a l  f i n d i n g  t h a t  sy s t em 3tAPS produced lower  mean r e s p o n s e  
t i m e s  i n  t h e  two s i g n a l  modes i n v o l v i n g  t h e  s t o p  s i g n a l ,  t h a n  
some o t h e r  s y s t c m s ,  i s  d i f f i c u l t  t o  e x p l a i n ,  p a r t i c u l a r l y  s i n c e  
no u e n e f i t  a c c r u e d  t o  sys t em 1tAPS compared t o  sys t em 1 i n  t h e  
ana logous  c o n d i t i o n s .  
There  were v i r t u a l l y  no d i f f e r e n c e s  i n  t h e  per formance  of  
any sys t em on t h e  b a s i s  of c a r - f o l l o w i n g  measu re s .  System 3 t A P S  
k~ad  s ~ g n i f i c a n t l y  lower  mean v a r i a b i l i t y  of r e l a t i v e  v e l o c i t y  
t h a n  sys t em 4 ,  b u t  no o t h e r  s y s t e m s ,  s u g g e s t i n g  t h a t  t h i s  r e s u l t  
i s  n o t  p a r t i c u l a r l y  mean ing fu l .  I t  had been e x g e c t e d  t h a t  t h e  
sys t ems  employing t h e  a c c e l e r a t o r - p o s i t i o n  s i g n a l s  would have 
provicied an improvement i n  c a r - f o l l o w i n g  b e h a v i o r ,  b u t  t h i s  was 
n o t  found .  
S u b j e c t i v e  e v a l u a t i o n s  of t h e  sys t ems  made by t h e  s u b j e c t s  
a t  t h e  comple t i on  of  t e s t i n g  c l e a r l y  showed t h a t  t h e y  c o n s i d e r e d  
s y s t e m  1 t o  b e  l e a s t  e f f e c t i v e .  Systems 4 ,  8 and 11 were con- 
s i s t e n t l y  r a t e d  as most e f f e c t i v e  and more p r e f e r r e d  t h a n  t h e  
o t h e r  s y s t e m s .  I n t e r e s t i n g l y ,  sy s t em 3+APS was c o n s i d e r e d  more 
e f f e c t i v e  i n  p r o v i d i n g  s t o p  and t u r n  s i g n a l s  t h a n  sys t em l+APS. 
Tile s t u d y  i n d i c a t e d  some b e n e f i t  i n  t h e  i d e n t i f i c a t i o n  t i m e  
o f  s i g n a l s  a t t r i b u t a b l e  t o  some of t h e  e x p e r i m e n t a l  r e a r  l i g h t i n g  
s y s t e m s ,  compared t o  t h e  c o n v e n t i o n a l  sys tem.  The a d d i t i o n  o f  
t h e  APS t o  t n e  c o n v e n t i o n a l  s y s t e m  p r o v i d e d  no n o t i c e a b l e  improve- 
ments  i n  any pe r fo rmance  m e a s u r e s ,  w h i l e  some improvements were 
n o t e d  wnen t h i s  c o n c e p t  was added t o  s y s t e m  3 ,  which a t  t h i s  time 
i s  c o n s i d e r e d  a  p a r a d i x i c a l  and u n s t a b l e  r e s u l t .  The l a c k  o f  
p o s i t i v e  f i n d i n g s  i n  c a r - f o l l o w i n g  b e h a v i o r  o f  t h e  APS s y s t e m s ,  
which was t h e i r  p r i m a r y  e x p e c t e d  b e n e f i t ,  combined w i t h  t h e  sub- 
j e c t s '  poor  r a n k i n g s  o f  them, i n d i c a t e d  l i t t l e  l i k e l y  b e n e f i t  o f  
s u c h  a c o n c e p t ,  b a s e d  on t h i s  s t u d y .  
Road T e s t  E v a l u a t i o n  o f  Sys tems 1 and 11 
The f i n d i n g s  o f  t h e  r o a d  t e s t  e v a l u a t i o n  of t h e  i d e n t i f i c a -  
t i o n  o f  s t o p  and t u r n  s i g n a l s  o f  s y s t e m s  1 and 11 were  q u i t e  
a n a l o g o u s  t o  t h o s e  o b t a l n e d  f o r  t h o s e  sys tems  i n  t h e  normal  c a r -  
f o l l o w i n g  s i m u l a t o r  t e s t .  The o n l y  s i g n i f i c a n t  e f f e c t  was found 
i n  t n e  S + T  mode i n  w,lich s y s t e m  11 p r o v i d e d  significantly lower  - 
mean r e s p o n s e  t i m e s  t h a n  s y s t e m  1, a s  found i n  t h e  s i m u l a t o r  t e s t .  
S i n c e  measurements o f  c a r - f o l l o w i n g  b e n a v i o r  i n  the r o a d  t e s t  
were n o t  made i t  i s  n o t  p o s s i b l e  t o  make a  compar ison o f  them 
w i t h  t h e  s i m u l a t o r  t e s t s .  Wi tn in  t n e  l i m i t s  o f  t h e  r o a d  t e s t ,  
t h e  agreement  w i t h  t h e  s i m u l a t o r  s y s t e m  e v a l u a t i o n s  a p p e a r s  t o  
b e  r e a s o n a b l e ,  and t h e  e f f e c t  o f  t n e  s i d e - t a s k  was a l s o  q u i t e  
s i m i l a r .  
E v a l u a t i o n  o f  Rear  L i g h t i n g  Systems i n  
Unusual  S i m u l a t e d  Car-Fol lowing C o n d i t i o n s  
A s e r i e s  of  s c e n e s  h e r e  deve loped  b a s e d ,  i n  p a r t ,  on t h e  
a n a l y s e s  o f  a c c i d e n t  d a t a  and upon t h e  r e q u i r e m e n t s  imposed by 
t h e  n a t u r e  o f  t h e  t y p e  o f  s i m u l a t i o n  t h a t  i t  was i n t e n d e d  t o  
a c h i e v e .  I n  p r e s e n t i n g  s c e n e s  which a r e  i n t e n d e d  t o  a l l o w  e v a l u -  
a t i o n s  o f  t h e  e f f e c t i v e n e s s  o f  s i g n a l  s y s t e m s  i n  t h e  a v o i d a n c e  o f  
r e a r - e n d  c r a s h e s  i t  i s  n e c e s s a r y  t o  u s e  c o n d i t i o n s  i n  which such  
c r a s h e s  a r e  l i k e l y  t o  o c c u r  u n l e s s  a p p r o p r i a t e  a c t i o n  i s  t a k e n  
by t h e  d r i v e r .  However, i f  a l l  t h e  s c e n e s  were  o f  t h i s  t y p e  t h e  
t e s t  s u b j e c t s  would r a p i d l y  r e a l i z e  t h a t  t h e  obv ious  r e s p o n s e  i s  
immediate  b r a k i n g  i n  e v e r y  c a s e .  T h e r e f o r e ,  it was n e c e s s a r y  t o  
a l s o  u t i l i z e  c o n d i t i o n s  i n  which b r a k i n g  would b e  i n a p p r o p r i a t e ,  
and which a l s o  would be  u s e f u l  f o r  t h e  e v a l u a t i o n  of  t h e  v a r i o u s  
c h a r a c t e r i s t i c s  of t h e  r e a r  l i g h t i n g  s y s t e m s .  T h e r e f o r e ,  condi -  
t i o n s  were  used  which i n c o r p o r a t e d  b o t h  a c c e l e r a t i o n  and d e c e l e r -  
a t i o n  o f  t h e  l e a d  v e h i c l e ,  a s  w e l l  a s  p o s i t i v e ,  z e r o  and n e g a t i v e  
r e l a t i v e  v e l o c i t i e s .  These c o n d i t i o n s  were used i n  c o n j u n c t i o n  
w i t h  a  pay-of f  scheme,  whereby t h e  i n i t i a l  r e s p o n s e  made by t h e  
s u b j e c t  on b e i n g  p r e s e n t e d  w i t h  t h e  s c e n e  a f f e c t e d  t h e  e x t e n t  o f  
payment h e  would r e c e i v e  f o r  p a r t i c i p a t i o n .  I t  was e v i d e n t  t h a t  
s u b j e c t s '  r e s p o n s e s  were  g r e a t l y  i n f l u e n c e d  by t h i s  c o n s i d e r a t i o n ,  
s i n c e  v e r y  few e r r o r s  were  made. For  example ,  an e r r o r  would b e  
d e f i n e d  as r e l e a s i n g  t h e  a c c e l e r a t o r  w h i l e  a  p o s i t i v e  r e l a t i v e  
v e l o c i t y  ( i . e . ,  headway i n c r e a s i n g )  e x i s t e d .  
When tile i n i t i a l  c o n d i t i o n  was a p o s i t i v e  0 . 1  g a c c e l e r a t i o n  
from r e l a t i v e  v e l o c i t i e s  o f  0 ,  t 1 0  and - 1 0  mph t h e r e  were  no d i f -  
f e r e n c e s  i n  t h e  per formance  of sy s t ems  1, 8 and 1+APS ( T a b l e  2 5 )  . 
I n  t h e  c a s e  where  t h e  l e a d  c a r  was c o a s t i n g  a t  - 0 . 1  g  t h e r e  were  
a l s o  no d i f f e r e n c e s  between t h e s e  sys t ems .  S i m i l a r l y ,  when t h e  
i n i t i a l  r e l a t i v e  v e l o c i t y  was 0 ,  t 1 0  o r  -10  mph w i t h  an i n i t i a l  
d e c e l e r a t i o n  i n  each  c a s e  of - 0 . 2  g t h e r e  were  no d i f f e r e n c e s  
~ e t w e e n  sys t ems  1, 8 ,  I tAPS, 3 and 3+APS, 
There  were  a l s o  no d i f f e r e n c e s  between t h e  c o n v e n t i o n a l  and 
a  number o f  e x p e r i m e n t a l  r e a r  l i g h t i n g  sys t ems  i n c l u d i n g  t h o s e  
w i t h  t i le  APS and t h e  h i g h  d e c e l e r a t i o n  s i g n a l  (HDS) i n  t h a t  g roup  
o f  c o n d i t i o n s  where  t h e  v e h i c l e  i n c u r r e d  a  d e c e l e r a t i o n  of  -0 .4  g  
a t  i n i t i a l  r e l a t i v e  v e l o c i t i e s  o f  0 ,  +10 and - 1 0  mph. I n  o r d e r  t o  
t e s t  t h e  e f f e c t  of  r e p e a t e d  e x p o s u r e s  of s u b j e c t s  t o  sys t em l + H D S ,  
which i s  t h e  c o n v e n t i o n a l  s y s t e m  w i t h  t h e  b r a k e  lamps f l a s h i n g  a t  
4 Hz when t h e  d e c e l e r a t i o n  exceeds  -0 .3  g ,  s u b j e c t s  were g iven  
f o u r  exposu re s  t o  t h i s  sys tem when t h e  i n i t i a l  r e l a t i v e  v e l o c i t y  
was 0 mph and a  d e c e l e r a t i o n  of - 0 . 4  g  was i n c u r r e d  by t h e  l e a d  
c a r  a f t e r  a  few seconds .  There  was no change i n  t h e  performance 
o f  t h e  s u b j e c t s  o v e r  t h e  f o u r  exposu re s  i n  t h i s  c o n d i t i o n .  Thus,  
t h e r e  were no l e a r n i n g  e f f e c t s  t o  s u g g e s t  t h a t  performance w i t h  
t h e  sys tem might  improve w i t h  t i m e ,  
The o n l y  i n d i c a t i o n  t h a t  t h e  h igh  d e c e l e r a t i o n  s i g n a l ,  i n c o r -  
p o r a t e d  i n  t h e  v a r i o u s  ways w i t n  sys tem 1 o r  sys tem 3 ,  was pro- 
v i d i n g  some b e n e f i t  t o  s u b j e c t s '  pe r formance ,  i s  shown i n  Table  33. 
I t  w i l l  be  n o t e d  t h a t  t h e  t a b l e  shows t h a t  i n  t h e  + 1 0  mph r e l a t i v e  
v e l o c i t y  c o n d i t i o n ,  t h e  mean minimum t imes  t o  c r a s h  ach i eved  dur -  
i n g  each  of  t h e s e  exposures  a r e  l o n g e r  when t h e  HDS sys tems  a r e  
used compared t o  t h e  o t h e r  sy s t ems .  However, none of t h e s e  d i f -  
f e r e n c e s  were s t a t i s t i c a l l y  s i g n i f i c a n t ,  and may be a t t r i b u t e d  
t o  t h e  r e s p o n s e  ~ e l l a v i o r  of a few s u b j e c t s  who responded soon 
a f t e r  t h e  o n s e t  of t h e  h i g h  d e c e l e r a t i o n  s i g n a l  even though t h e  
r e l a t i v e  v e l o c i t y  may have s t i l l  been p o s i t i v e .  With i n i t i a l  
r e l a t i v e  v e l o c i t y  of +10 mph and a  d e c e l e r a t i o n  of - 0 . 4  g ,  abou t  
1.1 seconds w i l l  e l a p s e  u e f o r e  t i le r e l a t i v e  v e l o c i t y  i s  z e r o  and 
b e g i n s  t o  go n e g a t i v e ,  so  t h a t  t h e  gap s t a r t s  t o  c l o s e .  S u b j e c t s  
were s p e c i f i c a l l y  i n s t r u c t e d  n o t  t o  respond by removing t h e i r  
f o o t  from t h e  a c c e l e r a t o r  o r   raking u n l e s s  t hey  n o t i c e d  t h a t  t h e  
neadway was d e c r e a s i n g ,  and f o r  t h i s  r ea son  many s u b j e c t s  may 
llave f a i l e d  t o  respond immediate ly  even though they  no t ed  t h e  
h i g h  d e c e l e r a t i o n  of t h e  l e a d  c a r .  I n  a  s e n s e ,  t h i s  produced an 
a r t i f a c t  i n  t h e  r e s u l t s .  On t h e  o t h e r  hand ,  where t h e r e  was 0 
r e l a t i v e  v e l o c i t y  and a  r e l a t i v e  v e l o c i t y  o f  -10  mph, s u b j e c t s  
would have been expec t ed  t o  respond  immediate ly  a t  t h e  o n s e t  of 
t h e  d e c e l e r a t i o n  s i n c e  t h e  gap would beg in  t o  d e c r e a s e  a t  t h a t  
i n s t a n t .  No d i f f e r e n c e s  between sys tems  were n o t e d  i n  t h e  0 and 
- 1 0  rnph r e l a t i v e  v e l o c i t y  c o n d i t i o n s ,  a s  shown i n  Table  33 ,  s o  
t h a t  t h e  e f f e c t i v e n e s s  of t h e  h i g h  d e c e l e r a t i o n  s i g n a l  was n o t  
n o t i c e a b l e  i n  t i lose  c o n d i t i o n s .  
The t e s t  c o n d i t i o n s  i n  which t h e r e  were  s i g n i f i c a n t  d i f f e r -  
e n c e s  found between sys t ems  a r e  t h o s e  of  g roups  2 ,  3 and 7 .  
I n  g roup  2 c o n d i t i o n s ,  t h e  i n i t i a l  r e l a t i v e  v e l o c i t y  was 
e i t h e r  0  o r  +5 mph. I t  was found t h a t  t h e  s t a n d a r d  d e v i a t i o n  
o f  t h e  headway was s i g n i f i c a n t l y  l e s s  w i t h  s y s t e m  ltAPS t h a n  
s y s t e m  8 ,  b u t  n o t  s y s t e m  1. A l s o ,  when t h e  r e l a t i v e  v e l o c i t y  was 
+5 mpn, t h e  mean headway w i t h  sys t em 1tAPS was l e s s ,  and c l o s e r  
t o  t h e  t a r g e t  v a l u e  o f  200 f e e t ,  t h a n  w i t h  sys t ems  1 and 8 i n  t h e  
t ime  p e r i o d  9-14 seconds  from t h e  i n i t i a t i o n  of  t h e  s c e n e .  I n  
a d d i t i o n ,  i n  t h e  time i n t e r v a l  from 1 1 - 1 4  s econds  from t h e  i n i t i a -  
t i o n  of  t h e  s c e n e ,  t h e  mean headway w i t h  sys t em 8 was less t h a n  
w i t h  sys t em 1. 
The lower  s t a n d a r d  d e v i a t i o n  of neadway w i t h  sys t em 1+APS 
t h a n  sys t em 8 s u g g e s t s  a  b e n e f i t  i n  pe r fo rmance ,  b u t  i t  i s  n o t  
c l e a r  why t h e  same f i n d i n g  was n o t  o b t a i n e d  f o r  sy s t em 1. I t  
s h o u l d  be n o t e d  t h a t  t h e  i n t e r a c t i o n  of  r e l a t i v e  v e l o c i t y  and 
s y s t e m  d i d  n o t  r e a c h  s t a t i s t i c a l  s i q n i f i c a n c e ,  a l t h o u g h  T a b l e  26 
would s u g g e s t  t h a t  i t  s h o u l d .  I n  a d d i t i o n ,  t h e  c o n d i t i o n s  i n  
g roup  2 a r e  n o t  much d i f f e r e n t  from t h o s e  i n  g roup  1 i n  which 
t i l e r e  were  e i t h e r  0  o r  + 1 0  mph r e l a t i v e  v e l o c i t i e s  w i t h  a  0 . 1  g  
a c c e l e r a t i o n .  I n  b o t h  of  t h e s e  c o n d i t i o n s ,  where t h e r e  was 
e i t h e r  0  o r  a  p o s i t i v e  r e l a t i v e  v e l o c i t y ,  t h e  APS s y s t e m  would 
d i s p l a y  t h e  g r e e n  lamp t h r o u g h o u t  t h e  t r i a l ,  t h e r e b y  p r o v i d i n g  
s u b j e c t s  w i t h  t h e  same i n f o r m a t i o n .  Thus ,  t h e  f i n d i n g  o f  a  bene-  
f i t  i n  a r e d u c t i o n  o f  neadway v a r i a b i l i t y  ic t h e  group  2  condi -  
t i o n s  does  n o t  a p p e a r  t o  be  a s t a b l e  r e s u l t .  
Tha t  t h e  headway was s t a b i l i z e d  e a r l i e r  ( F i g u r e  22)  w i t h  
s y s t e m  l+APS t h a n  sys t ems  8 and 1, and s y s t e m  8 than s y s t e m  1, 
can  b e  s e e n  by n o t i n g  t h e  p o i n t  a t  which t h e  s l o p e  o f  t h e  c u r v e s  
i s  r educed .  V i s u a l  i n s p e c t i o n  s u g g e s t s  t h a t  s u b j e c t s  responded  
t o  t h e  e x i s t e n c e  of  t h e  t 5  mpll r e l a t i v e  v e l o c i t y  a t  a b o u t  4 
s econds  a f t e r  t h e  s h i e l d  opened w i t h  sys t em ItAPS, 5 seconds  w i t h  
sys tem 8 and 6 seconds  w i t h  sys tem 1, and t h a t  t h e  magni tude of 
t h e i r  a c c e l e r a t i o n  d i f f e r e d  t o  cause  a  v a r i a t i o n  i n  t h e  f i n a l  
headway a t  t h e  end of 1 4  seconds  from t h e  s h i e l d  opening .  The 
f i g u r e  a l s o  e x p l a i n s  t h e  g r e a t e r  s t a n d a r d  d e v i a t i o n  i n  t h e  head- 
way found w i t h  sys tem 8 i n  t h e  0 mph i n i t i a l  r e l a t i v e  v e l o c i t y  
c o n d i t i o n ,  a s  shown i n  t h e  upper  p a r t  o f  F i g u r e  22 and t h e  c l o s e  
match between s y s t e n  1 and sys tem 1+APS i n  t h a t  c o n d i t i o n .  The 
lower  p a r t  of F i g u r e  22 ,  when r e l a t i v e  v e l o c i t y  was t5 mph, i n d i -  
c a t e s  t i le r e a s o n  f o r  t h e  l a r g e r  s t a n d a r d  d e v i a t i o n  i n  headway 
o b t a i n e d  w i t h  sys tem 1 t h a n  sys tem 8 and t h e  l a r g e r  v a r i a t i o n  o f  
sys tem 8 t h a n  l tAPS,  a s  silown i n  Table  2 6 .  These r e s u l t s  s u g g e s t  
t h a t  t h e  APS a i d e d  e a r l i e r  r e spond ing  t o  t h e  e x i s t e n c e  of  a  t5 mph 
r e l a t i v e  v e l o c i t y ,  b u t  do n o t  c l a r i f y  t h e  r ea son  f o r  t h e  g r e a t e r  
f i n a l  lleadways b e i n g  found a t  t h e  end of  1 2  seconds  w i t h  sys tem 8 
and sys tem 1. Th i s  i s  because  once t h e  e x i s t e n c e  of  t h e  p o s i -  
t i v e  r e l a t i v e  v e l o c i t y  has  been e s t a b l i s h e d  by t h e  d r i v e r s ,  t h e  
cues  t o  d i s t a n c e  of  t h e  l e a d  v e h i c l e  a r e  t h e  same f o r  a l l  t h r e e  
sys t ems ,  and a r e  l a r g e l y  a v a i l a b l e  from t h e  v i s u a l  a n g l e  sub- 
t ended  by t h e  p re sence  lamps. Conce ivab ly ,  t h e  a d d i t i o n a l  p r e sence  
lamp p rov ided  by t h e  g reen  lamp of t i le APS may have g iven  some 
a d d i t i o n a l  cue f o r  d i s t a n c e  judgments. This  i s  somewhat s u p p o r t e d  
uy an e a r l i e r  s t u d y  (Mort imer ,  1968)  i i i  which i t  was found t h a t  
an a r r a y  of  f o u r  p r e s e n c e  lamps w i t h  two mounted above t h e  o t h e r  
two, and a  t r i a n g u l a r  a r r a y  of p r e sence  lamps,  p rov ided  improved 
c u e s  t o  changes  i n  headway t n a n  two p r e s e n c e  lamps mounted i n  
c o n v e n t i o n a l  l o c a t i o n s .  
I n  t h e  group 3 c o n d i t i o n s  t h e r e  were n e g a t i v e  r e l a t i v e  
v e l o c i t i e s  of -5 ,  - 2 0  and -35 mpil, w i t h  t h e  f i n d i n g  t h a t  a t  t h e  
l o w e s t  r e l a t i v e  v e l o c i t y  t h e  mean minimum t i n e  t o  c r a s h  w i t h  
sys tem 8 was g r e a t e r  t h a n  sys tems  1 o r  l+APS. The s i g n a l s  d i s -  
p l ayed  i n  t h i s  c o n d i t i o n  a r e  e x a c t l y  t h e  same a s  t h o s e  i n  group 1 
and group 2  c o n d i t i o n s ,  t h e  o n l y  d i f f e r e n c e  b e i n g  t h e  r e l a t i v e  
v e l o c i t i e s  i n v o l v e d .  There i s  no c l e a r  e x p l a n a t i o n  why t h i s  
sys t em s h o u l d  have  p r o v i d e d  b e t t e r  per formance  t h a n  sys t ems  1 o r  
l+ApS i n  t h i s  c o n d i t i o n .  
A r e v e r s a l  of t h e  former  f i n d i n g  was o b t a i n e d  i n  t h e  group  7 
c o n d i t i o n s  i n  which s u b j e c t s  were  exposed  t o  an i n i t i a l  r e l a t i v e  
v e l o c i t y  o f  0 mph f o l l o w e d  by - 0 . 4  g  d e c e l e r a t i o n ,  w i t h o u t  a  s t o p  
s i g n a l  b e i n g  g i v e n  because  an  i n o p e r a t i v e  s t o p  lamp s w i t c h  was 
b e i n g  s i m u l a t e d .  I n  t h e  c a s e  of  s y s t e m  1 and sys t em 8 o n l y  t h e  
p r e s e n c e  lamps remained l i g h t e d ,  and i n  s y s t e m  1tAPS t h e  ye l l ow  
lamp of  t h e  APS sys t em was t u r n e d  on and t h e  g r e e n  lamp t u r n e d  
o f f  when t h e  d e c e l e r a t i o n  was i n i t i a t e d .  
~t was found t h a t  sy s t em 1 a c h i e v e d  a s i g n i f i c a n t l y  g r e a t e r  
t i m e  r ema in ing  t o  c r a s h  a t  t h e  i n s t a n t  t h a t  s u b j e c t s  responded  by 
r e l e a s i n g  t h e  a c c e l e r a t o r  trlan sys t em 8 .  I n  a d d i t i o n ,  b o t h  s y s -  
tems 1 and 1+APS a c h i e v e d  a  s m a l l e r  mean headway s t a n d a r d  d e v i a -  
t i o n  and g r e a t e r  mean minimum headway and mean minimum t i m e  t o  
c r a s h  t h a n  s y s t e m  8 .  The e x p l a n a t i o n  f o r  t h e s e  f i n d i n g s  i s  n o t  
c l e a r  and i s  c o n t r a d i c t o r y  t o  t h o s e  found i n  t h e  group  3 condi -  
t i o n s  which a r e  fundamen ta l l y  s i m i l a r  t o  t h e  ones  p r e s e n t e d  i n  
g roup  7 .  
I t  1s e v i d e n t  t h a t  t h e  f i n d i n g s  o f  t n i s  s t u d y  have found no 
c l e a r - c u t  b e n e f i t s  of one r e a r  l l g h t i n g  s y s t e m  o v e r  a n o t h e r  i n  
t n e  v a r i e t y  of  c o n d i t i o n s  t o  whic;i t h c  s u b j e c t s  were  exposed .  As 
a l r e a d y  i n d i c a t e d ,  some of t h e  r e s u l t s  t e n d  t o  b c  somewhat c o n t r a -  
d i c t o r y ,  b u t  no e x p l a n a t i o n  can  be found a s  t o  t h e  e x i s t e n c e  of  
some of  t n e  s i g n i f i c a n t  e f f e c t s  t h a t  were  o b t n i n e d .  
Tnese minor  d i f f e r e n c e s  t h a t  were  found t o  e x i s t  between 
some o f  t h e  sys t ems  can b e  compared w i t h  some of  t h e  q u i t e  l a r g e  
d i f f e r e n c e s  o b t a i n e d  t h a t  a r e  a t t r i b u t a b l e  t o  t h e  d i f f e r e n c e s  
among t h e  c o n d i t i o n s .  For  example ,  t h e  group  6 c o n d i t i o n  i n  
wnicil an i n i t i a l  r e l a t i v e  v e l o c i t y  o f  0 mph was f o l l o w e d  by a  
d e c e l e r a t i o n  of  - 0 . 4  g i s  i d e n t i c a l  t o  t h e  c o n d i t i o n  used  i n  t h e  
group  7 t e s t s .  I n  t i le group 7 t e s t s  t h e  v e h l c l e  s t o p  lamps were 
i n o p e r a t i v e .  Comparison of  t h e  r e s u l t s  i n  t h e s e  two c o n d i t i o n s  
i n d i c a t e s  t h e  e f f e c t  of t h e  s t o p  lamp on t h e  performance of  t h e  
t e s t  s u b j e c t s .  S i m i l a r l y ,  t h e  group 5 c o n d i t i o n s ,  i n  which t h e r e  
was a  d e c e l e r a t i o n  of  -0.2 g  w i t h  an i n i t i a l  r e l a t i v e  v e l o c i t y  o f  
0  mph, can b e  compared w i t h  t h e  ana logous  group  6 and group 7 
c o n d i t i o n s .  These comparisons  a r e  shown i n  Tab le  4 7 ,  and c l e a r l y  
i n d i c a t e  t n a t  trlere i s  a  d e g r a d a t i o n  i n  performance a s  t h e  l e v e l  
o f  d e c e l e r a t i o n  increases from - 0 . 2  g  t o  - 0 . 4  g ,  by comparing 
group  5 and group  6 r e s u l t s ;  and t h e  e f f e c t  o f  t h e  s t o p  lamps i s  
sllown t o  a l s o  riave a  l a r g e  e f f e c t  i n  r e d u c i n g  performance by com- 
p a r i n g  t n e  r e s u l t s  o f  g roup  6 and group 7 .  Tlius, i n  group 7 t h e  
mean headway s t a n d a r d  deviation i s  g r e a t e s t ,  t h e  mean t ime  t o  
c rash ,  mean minimum headway and mean minimum t ime  t o  c r a s h  a r e  a l l  
l o w e s t .  By comparison w i t h  d i f f e r e n c e s  a t t r i b u t a b l e  t o  t h e  r e a r  
l i g i i t l n g  s y s t e m s ,  t h e  e f f e c t s  o f  t h e s e  v a r i a b l e s  a r e  l a r g e .  
TABLE 47.  COPGARISON OF PERFORMANCE I lJ  UNUSUAL 
SIMULATED CAR-FOLLOWING TEST : GROUP 5 
( -0 .2g)  , 6 and 7  ( -0 .4g)  CONDITIONS, 
WITH 0 I P H  I N I T I A L  RELATIVE V E L O C I T Y .  
Cond i t i on  
Group 5 
( -0 .2g)  
Group 6 
( -0 .4g)  
Group 7 
( -0 .4g ,  no 
s t o p  s i g n a l )  
*Computed from mean r e s p o n s e  t ime  shown i n  
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E v i d e n t l y ,  t h e  t y p e  of  i n f o r m a t i o n  p r e s e n t e d  by t h e  APS and 
HDS s y s t e m s ,  a s  e v a l u a t e d  i n  t h e s e  s p e c i f i c  t e s t  c o n d i t i o n s ,  d i d  
n o t  a s s i s t  t h e  d r i v e r s  i n  p r o v i d i n g  per formance  which would b e  
u s e f u l  i n  t h e  avo idance  of  c r a s h e s .  By compar i son ,  t h e  l o s s  o f  
s t o p  lamps on a  v e h i c l e  a p p e a r s  t o  b e  a  f a r  g r e a t e r  f a c t o r ,  and 
t h e s e  d a t a  t h e r e f o r e  i n d i c a t e  t h a t  s t o p  lamps a l o n e ,  i n  t h e i r  
p r e s e n t  mode of  o p e r a t i o n ,  o f f e r  a  s i g n i f i c a n t  s o u r c e  o f  i n f o r -  
mat ion  f o r  d r i v e r s  i n  p r e - c r a s h  s i t u a t i o n s .  These r e s u l t s  a l s o  
snow t h a t  t h e  g e n e r a l  t e c h n i q u e  t n a t  was used  was s u f f i c i e n t l y  
s e n s i t i v e  t o  d e t e c t  i m p o r t a n t  f a c t o r s  t h a t  c an  a f f e c t  t h e  pe r -  
formance of  d r i v e r s ,  b u t  t h a t  t h e  more s u b t l e  d i f f e r e n c e s  between 
t h e  l i g h t i n g  sys t ems  t h a t  were  t e s t e d  were  of l i t t l e  s i g n i f i -  
c ance .  
Unob t rus ive  Measurements of t h e  Response o f  
D r i v e r s  t o  an A c c e l e r a t o r  P o s i t i o n  S i g n a l  System 
The s t u d y  was c a r r i e d  o u t  i n  o r d e r  t o  a t t e n p t  t o  e v a l u a t e  
t h e  e f f e c t  o f  t h e  APS upon n a i v e  d r i v e r s  i n  o r d e r  t o  d e t e r m i n e  
whe the r  t h e r e  a r e  any u e n e f i c i a l  o r  d e l e t e r i o u s  e f f e c t s  o f  t h e  
APS sys t em.  The major  f i n d i n g  was t h a t  t n c r e  was an i n i t i a l  
e f f e c t  of t h e  c o a s t i n g  s i g n a l .  I t  appeared  t l l a t ,  on t i le f i r s t  
exposu re  t o  t h e  APS,  d r i v e r s  r e l e a s e d  t h e i r  a c c e l e r a t o r s  soon 
a f t e r  t h e  appea rance  of t n e  s i g n a l  ( F i g u r e  2 5 ) .  Cu t ,  t h i s  
e f f e c t  d i d  n o t  o c c u r  on t h e  second  exposu rc  t o  t h e  same condi -  
t i o n  ( F i g u r e  2 6 ) .  There  were  no n o t i c e a b l e  chanyes  i n  t h e  
r e s p o n s e  of  t h e  d r i v e r s  of t h e  f c l l o w i n g  curs t o  b rdk iny  of  t h e  
l e a d  c a r ,  whe the r  i t  was equipped  w i t h  t h e  APS o r  n o t .  The one 
minute  o f  c a r - f o l l o w i n g  made of eac11 o f  t h e  n a i v e  d r i v e r s  showed 
( T a b l e  4 1 )  t h a t  t h e  s t a n d a r d  d e v i a t i o n s  of lieadway and o f  r e l a -  
t i v e  v e l o c i t y  were l e s s  w i t h  t h e  APS, b u t  none of t h e s e  d i f f e r -  
e n c e s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  
s u b j e c t i v e  E v a l u a t i o n s  by D r i v e r s  of t h e  APS 
A s  an a d j u n c t  t o  t h e  o t h e r  s t u d i e s  conduc ted  t o  e v a l u a t e  t h e  
APS, a  s u b j e c t i v e  e v a l u a t i o n  t e s t  was conducted t o  o b t a i n  r e p o r t s  
of d r i v e r s  concerned wi th  t h e  e f f e c t i v e n e s s  of components of t h a t  
s i g n a l  sys tem.  I t  was i n t e r e s t i n g  t o  n o t e  t h a t  t h e  d r i v e r s  gen- 
e r a l l y  c o n s i d e r e d  t h e  APS s i g n a l s  t o  be  u s e f u l ,  b u t  measurements 
o f  t h e  f requency  wi th  which t hey  r e l e a s e d  t h e  a c c e l e r a t o r  and 
a p p l i e d  t h e  b r a k e s  i n  p r o p o r t i o n  t o  t h o s e  used by t h e  d r i v e r  of  
t h e  t e s t  c a r  t h e y  were f o l l o w i n g ,  i n d i c a t e d  some d e g r e e  of d i s -  
sonance between t h e i r  r e p o r t s  and t h e i r  a c t u a l  performance.  
Fur t l iermore,  t i le s u b j e c t i v e  r e p o r t s  of t h e  d r i v e r s  i n  t h i s  
road  t e s t  d i d  n o t  a g r e e  w i th  t h o s e  made by t h e  d r i v e r s  used i n  
t h e  s i m u l a t i o n  s t u d i e s ,  whose o v e r a l l  p r e f e r e n c e  was f o r  o t h e r  
o f  t h e  expe r imen ta l  r e a r  l i g h t i n g  systems which d i d  n o t  employ 
s i g n a l s  t h a t  a r e  nodu la t ed  by t i le  p o s i t i o n  of t h e  a c c e l e r a t o r  
p e d a l .  
S u b j e c t s '  p e d a l  coun t s  i n  c o n d i t i o n  4 can  be c o n s i d e r e d  a s  
b a s e l i n e  c o u n t s  f o r  s u b j e c t s  d r i v i n g  under  normal c o n d i t i o n s  - 
t h e  APS was o f f ,  t h e  expe r imen te r  was fo l l owing  a  "normal" 
d r i v i n g  p r o f i l e ,  and s u b j e c t s  t hough t  t h a t  t h e y  were no l o n q e r  
under  s c r u t i n y  because  a s  f a r  a s  t h e y  were concerned t h e  e x p e r i -  
ment was ove r .  Thus,  t h e  r a t i o  of a  s u b j e c t ' s  a c c e l e r a t o r  coun t  
t o  t l ie e x p e r i m e n t e r ' s  a c c e l e r a t o r  coun t  i n  t h i s  c o n d i t i o n  showed 
how o f t e n  h e  r lo rna l ly  r e l e a s e d  tile a c c e l e r a t o r  i n  a  c a r - f o l l o w i n g  
mode r e l a t i v e  t o  an "average"  d r i v e r  ( t n e  expe r imen te r  who 
fo l lowed t h e  "normal"  d r i v i n g  p r o f i l e ) .  1 comparison of t h e  mean 
r a t i o s  f o r  c o n d i t i o n s  2 B  and 4 i n  Table  4 4  shows t h a t  s u b j e c t s  
over - responded  i n  terms of a c c e l e r a t o r  r e l e a s e s  In t h e  p re sence  
of  t h e  APS ( 2 B ) ,  a s  compared w i t h  t h e i r  normal d r i v i n g  behav io r  
( 4 ) .  The manner i n  which t h e  v e h i c l e  equipped w i t h  t h e  APS was 
d r i v e n  a l s o  a f f e c t e d  t i le f requency  of a c c e l e r a t o r  r e l e a s e s  o f  
t h e  s u b j e c t s .  I t  can be  seen  from Table  4 4  t h a t  s u b j e c t s  made 
fewer  a c c e l e r a t o r  r e l e a s e s  r e l a t i v e  t o  t h e  expe r imen te r  i n  con- 
d i t i o n  2B t h a n  they  d i d  i n  c o n d i t i o n  2 A .  T h i s  d e c r e a s e  i n  r e l a -  
t i v e  r e sponse  f requency was a p p r o p r i a t e :  i n  2 B  t h e  e x p e r i m e n t e r ' s  
d r i v i n g  p r o f i l e  i n c l u d e d  a  h igh  p r o p o r t i o n  of A - A maneuvers 
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( s even  A + B t o  s i x  A + A ) ;  i n  2 A ,  e x p e r i m e n t e r  made a  lower  
p r o p o r t i o n  o f  A + A maneuvers ( f o u r  A -+ B t o  one A - A ) .  The 
y e l l o w  lamp which was l i g h t e d  when t h e  e x p e r i m e n t e r  r e l e a s e d  t h e  
a c c e l e r a t o r  was a  l e s s  r e l i a b l e  i n d i c a t o r  o f  impending b r a k i n g  
i n  2 B  t h a n  i t  was i n  2A, and s u b j e c t s  a c c o r d i n g l y  r e l e a s e d  t h e  
a c c e l e r a t o r  r e l a t i v e l y  l e s s  o f t e n .  
However, it  i s  u n l i k e l y  t h a t  s u b j e c t s  c o n s c i o u s l y  l e a r n e d  
t h a t  c o n d i t i o n s  2 A  and 2 B  were c h a r a c t e r i z e d  by d i f f e r e n t  t y p e s  
of  l e a d  c a r  d r i v e r  b e n a v i o r .  The d a t a  from q u e s t i o n n a i r e s  2A 
and 2 B  demons t r a t ed  t h i s ,  s i n c e  s u b j e c t s  gave t h e  c o a s t i n g  lamp 
p r a c t i c a l l y  t h e  same r a t i n g  a f t e r  botl i  2k and 2 B  on q u e s t i o n s  con- 
c e r n i n g  i t s  c o n s i s t e n c y  a s  an i n d i c a t o r  o f  impending speed  
changes .  Th i s  i m p l i e s  t h a t  t h e y  d i d  n o t  c o n s c i o u s l y  r e a l i z e  t h e  
d i f f e r e n c e  - b u t  t h e y  d i d ,  a p p a r e n t l y  s u b c o n s c i o u s l y ,  respond  
d i f f e r e n t l y  t o  t h e  two c o n d i t i o n s .  
Tile day o r  n i g h t  d r i v i n g  c o n d i t i o n s  d i d  n o t  a f f e c t  t h e  f r e -  
q u e n c i e s  o f  a c c e l e r a t o r  r e l e a s e s  o r  b r a k e  a p p l i c a t i o n s ,  which 
was e x p e c t e d  because  changes  i n  headway were d e t e c t e d  e q u a l l y  
w e l l  i n  a  p r e v i o u s  t e s t  (Mor t imer ,  1971)  i n  t h e  day  and n i g h t .  
I t  i s  conc luded  t h a t  s u b j e c t s  d i d  n o t  c o n s c i o u s l y  n o t i c e  a 
d i f f e r e n c e  i n  t l ie  p o t e n t i a l .  v a l u e  of t h e  c o a s t i n g  s l g n a l  , a l t h o u g h  
t ~ i e y  responded  d i f f e r c n ~ l ; ~  with t h e  a c c e l e r a t o r  i n  t h e  two condi -  
t i o n s  2A and 2 B ,  i n d i c a t i n q  t h a t  t h e i r  r e s p o n s e s  t o  t h e  q u e s t l o n -  
n a i r e  may b e  b i a s e d  by i r r e l e v a n t  f a c t o r s .  P o s s i l ~ l y ,  t h e  n o v e l t y  
of t h e  APS sys tem i n f l u e n c e d  t i i e i r  r e p o r t s .  Thus,  t h e  s u b j e c t i v e  
r a t l n g s  of  e f f e c t i v e n e s s  shou ld  Lc c o n s i d e r e d  ds of  dubious  v a l u e .  
During t h e  hou r  o r  s o  of exposu re  t o  t h e  APS sys t em,  s u b j e c t s  
t e n d e d  t o  over - respond  w i t h  a c c e l e r a t o r  r e l e a s e s  t o  t h e  APS s i g -  
n a l ,  compared t o  t h e  c o n v e n t i o n a l  s i g n a l  syst:ern. When t h e  s c h e d u l e  
of  s i g n a l s  was a s  might  be  e x p e c t e d  i n  a  v a r i e t y  of  c a r - f o l l o w i n g  
c o n d i t i o n s ,  the s u b j e c t s '  relative response rate d e c l i n e d ,  showing 
t n a t  t h e y  r e c o g n i z e d  t h a t  many of t h e  s i g n a l s  were of no r e l e v a n c e  
t o  them. But t h e i r  r e sponse  r a t e  was s t i l l  h i g h e r  t h a n  w i t h  t h e  
c o n v e n t i o n a l  sys tem a l o n e ,  showing t h a t  t h e  APS a c t e d  a s  a  d i s -  
t r a c t i n g  s i g n a l  s o u r c e .  
This  i s  an u n d e s i r a b l e  c h a r a c t e r i s t i c  of t h e  sys tem s i n c e  
it r e s u l t s  i n  p robably  unnecessary  a c c e l e r a t o r  c o n t r o l  a c t i v i t y ,  
w i t h  t h e  p o t e n t i a l  i n t r o d u c t i o n  of added v a r i a n c e  t o  c a r  speed .  
While t h e  e f f e c t  may n o t  be  s e r i o u s  i n  a  two-car - fo l lowing  
c a s e ,  i t  cou ld  be  a  c o n d i t i o n  which i s  a m p l i f i e d  down a  s t r e a m  of 
v e h i c l e s  i n  dense  t r a f f i c ,  c a u s i n g  p o t e n t i a l l y  s e v e r e  p e r t u r b a -  
t i o n s  i n  t r a f f i c  f low.  This  could  happen i f  i t  i s  t r u e  t h a t  each 
fo l l owing  c a r  d r i v e r  r e l e a s e s  t h e  a c c e l e r a t o r  more o f t e n  t h a n  t h e  
d r i v e r  i n  f r o n t ,  a s  o c c u r r e d  i n  t h i s  t e s t  w i t h  t h e  APS. 
For bo th  t n e  APS and c o i ~ v e r ~ t i o n a l  sys tem t h e  r e l a t i v e  f r e -  
quency of b r a k i n g  by t h e  s u b j e c t s  was about  t h e  same, showing 
t h a t  when more h i g h l y  r e l e v a n t  i n f o r m a t i o n  i s  p rov ided ,  i . e . ,  
b r a k i n g  r a t h e r  t h a n  c o a s t i n g ,  d r i v e r s  responded t o  i t  c o n s i s t e n t l y .  
Th i s  e f f e c t  was a l s o  u n a f f e c t e d  by t h e  s chedu le  of APS s i g n a l  
p r e s e n t a t i o n s .  
I t  i s  n o t  known i f  the  d r i v e r s  would respcnd  l e s s  f r e q u e n t l y  
w i t n  more exposurc  t o  t i le AE'S. One s u u j e c t l v e  ; tudy of  m u l t i p l e  
c a r - f o l l o w i n g  (Va la sek ,  1961) i n  a  t e s t  of a  c o a s t l n g  s i g n a l  
r e p o r t e d  t h a t  d r i v e r s  i gno red  t h e  c o a s t i n g  s i g n a l  a f t e r  r e p e a t e d  
exposu re s .  Thus,  t h e  s i g n a l  on ly  added v i s u a l  "noise" i n  t h a t  
c a s e .  However, based  on a  previous s tudy  ( I l o r t i n c r ,  1 3 7 0 )  i t  i s  
expec t ed  t h a t  a  c o a s t i n g  s i g n a l  would be of  1 i t t : i e  v a l u e  because  
of t h e  s n o r t  d u r a t i o n  of  most c o a s t l n g  e v e n t s  and tile r e l a t i v e l y  
low p r o b a b i l i t y  of c o a s t i n g  s i y n a l s  fo l lowed ty brdk lny .  The 
r e s u l t s  o f  t h i s  exper iment  t e n d  t o  c o n f i r m  those  e a r l l e r  findings. 
Tab le  4 1  s l~ows  t h a t  t h e  s t a n d a r d  d e v i a t i o n  of  headway w i t h  
t h e  APS i s  l e s s  i n  b o t h  t h e  day and n i g h t  t e s t s  t h a n  w i t h o u t  
t h e  a c c e l e r a t o r  p o s i t i o n  s i g n a l .  The mean r e l a t i v e  v e l o c i t i e s  
a r e  q u i t e  c l o s e  t o  z e r o  i n  a l l  c a s e s .  The s t a n d a r d  d e v i a t i o n  
of  r e l a t i v e  v e l o c i t y  i s  a l s o  less w i t h  t h e  APS t h a n  w i t h o u t  it. 
~ u t ,  n e i t h e r  t h e  headway o r  r e l a t i v e  v e l o c i t y  s t a n d a r d  d e v i a t i o n s  
a r e  s i g n i f i c a n t l y  d i f f e r e n t  whe the r  t h e  APS was used o r  n o t  used.  
T h i s  con f i rms  t h e  f i n d i n g s  of  t h e  s i m u l a t o r  s t u d i e s  i n  which no  
b e n e f i t s  of  t h e  APS were n o t e d  upon c a r - f o l l o w i n g  per formance .  
1. The r e s u l t s  o f  t h e s e  s t u d i e s  have  shown t h a t  a l t e r n a -  
t i v e s  t o  t h e  p r e s e n t  s i g n a l  c o n f i g u r a t i o n  a p p e a r  t o  o f f e r  some 
b e n e f i t s  i n  s i g n a l  i d e n t i f i c a t i o n ,  a s  measured by r e s p o n s e  time 
i n  t h e s e  s i m u l a t o r  and r o a d  d r i v i n g  t e s t s .  The e x t e n t  of  t h e  
b e n e f i t s  found i n  t h e s e  s t u d i e s  i s  l e s s  t h a n  h a s  been  r e p o r t e d  
f o r  some o f  t i l e  same sys tems  i n  p r i o r  s t u d i e s ,  and were l a r g e l y  
found on t h e  combined s i g n a l  modes i n v o l v i n g  t h e  p r e s e n t a t i o n  
of  a  s t o p  o r  t u r n  s i g n a l  when p r e c e d e d  by t h e  o t h e r .  I t  would 
b e  e x p e c t e d  t h a t  s i m i l a r  r e s u l t s  t o  t h o s e  o b t a i n e d  e a r l i e r  would 
h a v e  been  o b t a i n e d  had more s u b j e c t s  been used  i n  o r d e r  t h a t  more 
d a t a  c o u l d  have  been c o l l e c t e d  t o  s t a b i l i z e  v a r i a b i l i t y  i n  t h e  
r e s p o n s e  measures .  
2 .  Based on measures  o f  c a r - f o l l o w i n g  p e r f o r m a n c e ,  t h e  simu- 
l a t o r  t e s t s  conduc ted  i n  b o t h  normal and u n u s u a l ,  p r e - c r a s h ,  s i t u -  
a t i o n s  sllowed t h a t  t h e r e  were  few d i f f e r e n c e s  between t h e  r e a r  
l i g h t i n g  s y s t e m s  e v a l u a t e d  t h a t  c a n  b e  c o n s i d e r e d  t o  c o n s i s t e n t l y  
i n d i c a t e  t h a t  any one  o f  t h e  s y s t e m s  would p r o v i d e  b e t t e r  p r o t e c -  
t i o n  i n  s i t u a t i o n s  l e a d i n g  t o  a r e a r - e n d  c r a s h  t h a n  any o f  t h e  
o t h e r s .  
3 .  While d i f f e r e n c e s  between t h e  l i g h t i n g  s y s  tems on c a r -  
f o l l o w i n g  pe r fo rmance  i n  tile s i m u l a t o r  t e s t s  were found t o  b e  
n e g l i g i b l e ,  o t h e r  d i f f e r e n c e s  i n  t h e  p r e d i s p o s ~ n g  c o n d i t i o n s ,  
s u c h  a s  t h e  l e v e l s  o f  d e c e l e r a t i o n  o r  r e l a t i v e  v c i o c i t i e s  i n v o l v e d ,  
were found t o  have  s i g n i f i c a n t l y  measureab le  e f f e c t s .  T h i s  i n d i -  
c a t e s  t h a t  t h e r e  i s  a  good d e g r e e  of s e n s i t i v i t y  I n  t h e  t e s t  pro-  
c e d u r e ,  and t h e  f a i l u r e  t o  f l n d  d i f f e r e n c e s  a t t r i ~ u t a b l e  t o  t h e  
r e a r  l i g r l t i n g  s y s t e m s  i s  p r o a a u l y  l a r g e l y  due t s  t h e  r e l a t i v e l y  
sma l l  e f f e c t  t h a t  t h e  v a r i a t i o n s  i n  t h e i r  o p e r a t i o n a l  c h a r a c -  
t e r i s t i c s  had  upon t h e  measures  o f  pe r fo rmance  t h a t  were u s e d .  
4 .  T i l e  f i n d i n g s  o f  t h e  s i m u l a t o r  and t h e  road  d r i v i n g  
s t u d i e s  t o  e v a l u a t e  an A c c e l e r a t o r  P o s i t i o n  S i g n a l  (APS)  do  n o t  
prov ide  any ev idence  t h a t  such a  r e a r  l i g h t i n g  sys tem w i l l  be  o f  
b e n e f i t  e i t h e r  i n  a s s i s t i n g  i n  tile s t a b i l i z a t i o n  of t h e  c a r -  
f o l l o w i n g  performance of d r i v e r s  o r  i n  t h e  r e d u c t i o n  of r ea r - end  
c o l l i s i o n s .  On t h e  o t h e r  nand ,  t h e r e  was some ev idence  o b t a i n e d  
i n  t h e  s u b j e c t i v e  e v a l u a t i o n  t e s t ,  i n  which a c c e l e r a t o r  r e l e a s e s  
and b r a k e  a p p l i c a t i o n s  of t h e  fo l l owing -ca r  d r i v e r  were a l s o  
measured,  t h a t  t h e  APS encouraged more t h a n  u s u a l  r e l e a s e s  of t h e  
a c c e l e r a t o r  on t h e  p a r t  o f  t h e  f o l l o w i n g  d r i v e r .  Th i s  e f f e c t  
would c r e a t e  v i s u a l  n o i s e  i n  t i le d r i v e r s '  env i ronment ,  and poten-  
t i a l l y  l e a d  t o  d i s t u r b a n c e s  i n  t r a f f i c  f low i n  a s t r e a m  of v e h i c l e s ,  
i f  each  d r i v e r  i n  t h e  s t r e a m  responded a s  was found i n  t h e  two-car 
e v a l u a t i o n  made h e r e .  The a l t e r n a t i v e  behav io r  t h a t  may be expec- 
t e d ,  based  a l s o  on some p r e l i m i n a r y  o t h e r  r e s u l t s  o b t a i n e d  by 
Valasek ( 1 9 6 1 ) ,  s u g g e s t s  t h a t  d r i v e r s  w i l l  u l t i m a t e l y  t e n d  t o  
i g n o r e  t h e  s i g n a l ,  t h e r e b y  n o t  a f f e c t i n g  tile t r a f f i c  f low;  b u t  
s t i l l  b e i n g  exposed t o  a f r e q u e n t l y  appea r ing  s i g n a l  i n d i c a t i n g  
a c c e l e r a t o r  a p p l i c a t i o n  o r  r e l e a s e  by t h e  p reced ing  d r i v e r  which 
cou ld  b e  d i s t r a c t i n g  and l e a d  t o  l o s s  o f  o t h e r  s t i m u l i  o r  mini-  
m a l l y ,  which could  j u s t  be  annoying,  a s  a l s o  s u g g e s t e d  by Rut ley  
and Mace (1969)  . While t n i s  must remain a s  an h y p o t h e s i s ,  
uecause  of t h e  y e n e r a l l y  l i t t l e  d a t a  a v a i l a b l e  t o  con f i rm  t h e  
be i lav ior  of d r i v e r s  i n  t h e  more complex, ucnse t r a f f i c  s i t u a t i o n ,  
t h e  f i n d i n g s  of t h i s  s t u d y  have n o t  been a b l e  t o  i n d i c a t e  any 
p o s i t i v e  b e n e f i t s  t n a t  may a c c r u e  from t h e  syis tem.  
A road  t e s t  of tiiis corlcept T r - L  t ) in c i i r - fo l lowing  
maneuvers (Rockwell  and Banas ik ,  1 9 6  8 )  o n l y  found a  s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  t ime  needed t o  d e t e c t  c o a s t i n g ,  i.e., o n s e t  of 
t h e  ye l l ow  s i g n a l ,  b u t  n o t  i n  t h e  v a r i a b i l i t y  of t h e  headway o r  
r e l a t i v e  v e l o c i t y .  When c o n s i d e r e d  i n  t h e  c o n t e x t  of t h a t  s t u d y  
and o t h e r s  ( e . g . ,  Idickerson e t  a l . ,  1968; P,lortimer, 1970,  1971) 
and t n i s  s t u d y ,  i t  i s  sugges t ed  t i i a t  no p o s i t i v e  a s p e c t s  o f  t h e  
sys tem have been r e p o r t e d ,  w h i l e  t h e  sys tem may have n e g a t i v e  
e f f e c t s  on s a f e  c a r - f o l l o w i n g  b e h a v i o r .  
5 .  Anothe r  r e a r  l i g h t i n g  s y s t e m  s i g n a l  which was e v a l u a t e d  
i n  t h e s e  s t u d i e s  was a  h i g h  d e c e l e r a t i o n  s i g n a l ,  s u c h  a s  migh t  
b e  g i v e n  whenever  t h e  d e c e l e r a t i o n  e x c e e d s  a b o u t  0 . 3  g .  T h i s  
s i g n a l  was e v a l u a t e d  i n  o n l y  one  p h a s e  o f  t h e  s t u d i e s  i n  t h e  r e a r  
l i g h t i n g  s i m u l a t o r .  W i t h i n  t h e  r a n g e  o f  c o n d i t i o n s  t h a t  were  
s t u d i e d ,  t h e  r e s u l t s  d i d  n o t  i n d i c a t e  any s i g n i f i c a n t  b e n e f i t  
t h a t  c o u l d  b e  a t t r i b u t e d  t o  t h e  i n f o r m a t i o n  p r o v i d e d  by s u c h  a  
s i g n a l ,  compared t o  t h e  s i g n a l s ,  p r o v i d e d  by s t o p  lamps o f  t h e  
c o n v e n t i o n a l  o r  o t h e r  e x p e r i m e n t a l  r e a r  l i g h t i n g  s y s t e m s .  T h i s  
d o e s  n o t  o b v i a t e  t h e  p o s s i b i l i t y  t h a t  t h e r e  a r e  o t h e r  c o n d i t i o n s ,  
n o t  e v a l u a t e d  i n  t h i s  program,  i n  which s u c h  a  s i g n a l  s y s t e m  may 
p r o v i d e  some a d v a n t a g e s  i n  p r o v i d i n g  e a r l i e r  i n d i c a t i o n s  t o  a  
f o l l o w i n g  d r i v e r  t h a t  t h e  v e h i c l e  ahead  i s  u n d e r g o i n g  a  h i g h  l e v e l  
o f  d e c e l e r a t i o n  i n  o r d e r  t o  a l l o w  more time i n  which t o  make a  
s u i t a b l e  r e s p o n s e .  
Tlie r e s u l t s  found i n  t h i s  s t u d y  can  b e  c o n s i d e r e d  w i t h  t h o s e  
r e p o r t e d  by o t n e r  r e s e a r c h e r s .  R u t l e y  and Mace (1969)  made a  
d r i v i n g  e x p e r i m e n t  on a  t e s t - t r a c k  i n  which s u b j e c t s  f o l l o w e d  
a  c a r  e q u i p p e d  w i t h  s e v e n  r e d  lamps a r r a n g e d  i n  a  h o r i z o n t a l  row 
a t  trle r e a r .  The i n n e r m o s t  t h r e e  lamps were l i g h t e d  when t h e  
d e c e l e r a t i o n  was a t  l e a s t  0 .04  g ,  f i v e  lamps a t  0 . 1 5  g and s e v e n  
lamps a t  0 . 3  g .  They compared t h e  r e s p o n s e s  o f  t h e  
d r i v e r  o f  t h e  f o l l o w i n g  c a r  t o  v a r i o u s  d e c e l e r a t i o n  maneuvers o f  
t h e  l e a d  c a r  w i t h  t h e  " m u l t i - b r a k e l i y i l t s , "  normal  s t o p  l amps ,  
and no  s t o p  l amps .  The r e s p o n s e  t i m e  t o  o n s e t  o f  m i l d  ( =  0 . 0 8  g )  
b r a k i n g  was n o t  significantly d i f f e r e n t  w i t h  t i le  m u l t i - b r a k e l i g h t s  
o r  tile normal  s t o p  l a m p s ,  b u t  ~ 0 t h  p roduced  e a r l i e r  r e l e a s e  o f  t h e  
a c c e l e r a t o r  by t h e  s u b j e c t  t h a n  no s t o p  lamps on t h e  l e a d  c a r .  
A t  a b o u t  0 .46  g ,  the s e v e r e  b r a k i n g  c o n d i t i o n ,  t h e r e  were  no  
d i f f e r e n c e s  i n  t h e  t i m e  t o  r e l e a s e  t h e  a c c e l e r a t o r  among t h e  
t h r e e  s i g n a l  s y s t e m  c o n d i t i o n s .  Nor were  any s i g n i f i c a n t  d i f f e r -  
e n c e s  found between normal  s t o p  lamps and t h e  m u l t i - b r a k e l i g h t s  
i n  measures  o f  c a r - f o l l o w i n g  pe r fo rmance  (maximum r e l a t i v e  
veloci ty/ l leadway d i s t a n c e ;  r a t i o  o f  a c c e l e r a t i o n s  of l e a d  c a r  
and f o l l o w i n g  c a r ) .  Thus,  no b e n e f i t s  were o b t a i n e d  of  p r o v i d i n g  
d e c e l e r a t i o n  i n f o r m a t i o n  beyond t h a t  a v a i l a b l e  from normal s t o p  
lamps.  The a u t h o r s  conc luded  t h a t  a  two- l eve l  b r a k e l i g h t  sy s t em 
may be  found e f f e c t i v e  p r i m a r i l y  i n  a  " s u r p r i s e "  c o n d i t i o n ,  p r e -  
sumably one  where in  t h e  d r i v e r  h a s  no r e a s o n  t o  e x p e c t  s e v e r e  
d e c e l e r a t i o n  of  t h e  v e h i c l e  b e i n g  f o l l o w e d .  
A s i m u l a t i o n  s t u d y  by Wal lne r  (1967)  used  an o s c i l l o s c o p e  
t o  p r o j e c t  t h e  image of  t h e  combined p r e s e n c e  ( t a i l )  and s t o p  
lamps o f  a  c a r  b e i n g  fo l l owed .  He e v a l u a t e d  c a r - f o l l o w i n g  behav- 
i o r  w i t h  a  two- l eve l  b r a k i n g  d e c e l e r a t i o n  s i g n a l ,  compared t o  
c o n v e n t i o n a l  s t o p  lamps.  V a r i a t i o n s  i n  t h e  b r a k i n g  d e c e l e r a t i o n  
l e v e l s  were i n d i c a t e d  by t h e  a p p a r e n t  i n t e n s i t y  o f  t h e  s t o p  lamps.  
T h e i r  i n t e n s i t y  was i n c r e a s e d  when d e c e l e r a t i o n  exceeded 0 . 5  g .  
I t  was found t h a t  s u b j e c t s  s e l e c t e d  a  g r e a t e r  mean headway when 
f o l l o w i n g  t h e  c a r  w i t h  t h e  two- l eve l  b r a k i n g  s i g n a l  and t h e r e  was 
some r e d u c t i o n  i n  c r a s h e s .  S t a t i s t i c a l  a n a l y s e s  o f  t h e s e  d a t a  
were n o t  made, and t h e  a u t h o r  conc luded  t h a t  t h e r e  was no n o t i c e -  
a b l e  advan tage  i n  t h e  two- l eve l  b r a k i n g  s i g n a l .  
A s u b s e q u e n t  s t u d y  by Wal lner  (1969)  i n  t n e  s i m u l a t o r ,  d i s -  
c u s s e d  by Cngels  e t  a l .  ( 1 9 7 0 )  and Bol ( 1 9 7 1 ) ,  r e p o r t e d  a  reduc-  
t i o n  i n  " c r a s h e s "  wnen t h e  two- l eve l  b r a k i n g  s i g n a l  was used 
s i m u l t a n e o u s l y  w i t h  an a n t i - l o c k l n q  b r a k e  sys t em,  compared t o  
c o n v e n t i o n a l  s t o p  lamps and b r a k e  system. 'Klc s t u d y  was c r i t i -  
c i z e d  by  Enge ls  e t  a l .  (1970)  on a number of a r o u n d s ,  i n c l u d i n g  
t h e  confounding  of  t h e  v a r i a b l e s  of i n t e r e s t  t)y t h e  b r a k e  s y s t e m s ,  
which p r e c l u d e s  t h e  e f f e c t  of t h e  two- l eve l  b r a k l n g  s i g n a l  t o  be  
i n f e r r e d .  
I t  i s  conc luded  t h a t  t h e  l i m i t e d  amount of d a t a  c o l l e c t e d  
w i t 1 1  t n e  h i g h  d e c e l e r a t i o n  s i g n a l  i n  t h i s  s t u d y  s h o u l d  b e  aug- 
mented by a d d i t i o n a l  e x p e r i m e n t s ,  i n  which s i m i l a r  p r e d i s p o s i n g  
c o n d i t i o n s ,  a s  used i n  t h i s  s t u d y  and o t h e r s ,  cou ld  be u s e d ,  and 
augmented by road  t e s t s .  I n  t h e  i n t e r i m  no b e n e f i t s  o f  t h i s  con- 
c e p t  have been demons t r a t ed .  
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A p p e n d i x  1 
ACCIDENT REPORT INVESTIGATION TEAM AND REPORT NUMBERS 
OF SZLECTED REAR-EZJD COLLISIONS BY A C C I D E N T  GROUP TYPE 
1. S t r u c k  V e h i c : ~  h a d  S t o ~ p e d  f o r  T r a f f i c ,  S i c j n a l s ,  L t c .  
I n v e s t i g a t o r  R e p o r t  No. I n v e s t i g a t o r  R e p o r t  No. 
Ann A r b o r  - O a k l a n d  C o u n t y -  
HSRI-111 00105  HSRI- I11  0 0 0 1 7  
B a y l o r  0 0 4 2 1  
CAL 111-11 0 0 0 5 8  
CAL I I I - B  7 1 0 3 1  
71-50 
GA T e c h .  00104 
00190  00414  
00222  R o c h e s t e r  00127  
00340  R e s e a r c h  Tri. 0 0 0 1 8  
0 0 4 6 8  T u l a n e  71015  
00589  L N e w  M e x i c o  00019  
O a k l a n d  C o u n t y -  00009  US C 
HSRI-I11 0 0 0 0 9  
2 .  S t r u c k  V e h i c l e  w a s  S t o p p e d  W a i t i n g  t o  l l a k e  L e f t  T u r n  
CAZ I I I - A  00066  O a k l a n d  C o u n t y -  
I I S R I = I I I  00022  
CAL I I I - B  71044 00030  
S t r u c k  V e h i c l e  S t o p p e d  Due t o  F a i l u r e ,  Out of Gas ,  Etc.  
I n v e s t i g a t o r  R e p o r t  'ido. I n v e s t i g a t o r  R e p o r t  No. 
GA Tech .  00064 S t a n f o r d  U .  00035 
R e s e a r c h  T r i .  00028 UCLA 01263 
S t a n f o r d  U. 00022 01265 
4 .  S t r u c k  V e h i c l e  was Making R i g h t  Turn 
5.  S t r u c k  V e h i c l e  S t o p p e d  ~ u i c k l y ,  E t c .  
Appendix 2A 
IIJSTRUCTIONS TO SUBJECTS IN EVALUATION OF REAR LIGHTING 
SYSTEMS I N  NORMAL CAR-FOLLOWING COidDITIONS 
( A l l  s u b j e c t s  nad o r  were g i v e n  p r i o r  e x p e r i e n c e  i n  t h e  opera-  
t i o n  of  t h e  s i m u l a t o r .  These i n s t r u c t i o n s  were t h e n  r e a d  t o  t h e  
s u b j e c t s  t o  f a m i l i a r i z e  them w i t h  t h e  s p e c i f i c  t a s k s  we wished 
them t o  pe r fo rm d u r i n g  t h i s  hormal Car-Fol lowing S t u d y . )  
I n  t h i s  e x p e r i m e n t ,  you a r e  r e q u e s t e d  t o  f o l l o w  t h e  l e a d  
v e h i c l e  a t  a s i m u l a t e d  d i s t a n c e  of  150 f e e t ,  a t  which d i s t a n c e  t h e  
l e a d  v e h i c l e  i s  now s e t .  You w i l l  have  s e v e r a l  d r i v i n g  e x p e r i -  
e n c e s  i n  t h i s  e x p e r i m e n t ,  each  l a s t i n g  abou t  t e n  m i n u t e s ,  w i t h  a  
s h o r t  b r e a k  between.  
Your pr imary  t a s k  i s  t o  respond  t o  t h e  s i d e - t a s k  l i g h t s ,  t o  
t h e  l e f t  and t o  t h e  r i g h t  o f  t h e  main roadway, whenever such  
l i g n t s  a r e  i n  o p e r a t i o n .  When t h e  l e f t  l i g h t  comes o n ,  d e p r e s s  
t h e  upper  l e f t  b u t t o n  on your  r e s p o n s e  box ,  w i t h  your  l e f t  thumb, 
and t h a t  l i g h t  w i l l  immedia te ly  go o u t .  When t h e  r i g h t  l i g h t  
comes o n ,  d e p r e s s  t h e  upper  r i g h t  b u t t o n  w i t h  your  r i g h t  thumb, 
and t h a t  l i g h t  w i l l  immedia te ly  go o u t .  Your speed  and accu racy  
i n  t u r n i n g  t h e s e  l i g h t s  o u t  w i l l  b e  moni tored  c o n t i n u o u s l y ,  s o  
p l e a s e  pay a t t e n t i o n  t o  them. I n  some of t h e  t r i a l s ,  t h e s e  s i d e -  
t a s k  l i g i l t s  w i l l  n o t  be u sed .  I s h a l l  t e l l  you b e f o r e  each  t r i a l  
whether  o r  n o t  t h e  l i g h t s  s l i a l l  be i n  o p e r a t i o n .  
Your second  t a s k ,  which w l l l  u e  you r  p r imary  t a s k  when t h e  
s i d e - t a s k  l i g h t s  a r e  n o t  i n  o p e r a t l o n ,  i s  t o  respond  t o  t h e  
s i g n a l s  on t h e  l e a d  v e h i c l e .  You w111 be seein14 s t o p  s i g n a l s ,  
t u r n  s i g n a l s ,  and i n  some e x p e r i e n c e s ,  t h e  s l g n a l  sy s t em w e  c a l l  
t h e  " A c c e l e r a t o r  P o s i t l o n  S i g n a l , "  which I s h a l l  c x p l a l n  a  l i t t l e  
later. 
Whenever t h e  s t o p  s i g n a l  on t h e  l e a d  v e h i c l e  comes on ,  w e  
wish you t o  d e p r e s s  t h e  f o o t  s w i t c h  under  you r  l e f t  f o o t  i n  t h e  
d r i v i n g  c o n s o l e .  P l e a s e  keep  your  l e f t  f o o t  g e n t l y  r e s t i n  on t h i s  
s w i t c h  a t  a l l  t i m e s ,  s o  t h a t  you may respond a s  q u i c k l y  a s  
p o s s i b l e .  P l e a s e  d e p r e s s  t h a t  s w i t c h  a  coup le  t imes  s o  t h a t  I 
may check you r  o p e r a t i o n  of i t .  (Check.)  
I n  a d d i t i o n  t o  r e spond ing  t o  t h e  s t o p  s i g n a l ,  we wish you 
t o  respond  t o  t h e  t u r n  s i g n a l s  when t h e y  come on.  A s  soon a s  you 
d e t e c t  t h a t  t h e  l e a d  v e h i c l e  i s  d i s p l a y i n g  a  l e f t  t u r n  s i g n a l ,  
immedia te ly  d e p r e s s  t h e  lower  l e f t  b u t t o n  on your  r e s p o n s e  box 
w i t h  your  l e f t  thumb. S i m i l a r l y ,  a s  soon a s  you d e t e c t  t h e  l e a d  
v e h i c l e  i s  d i s p l a y i n g  a  r i g h t  t u r n  s i g n a l ,  immedia te ly  d e p r e s s  t h e  
lower  r i g h t  b u t t o n  on your  r e sponse  box w i t h  your  r i g h t  thumb. 
I f  you respond t o  a  s t o p  s i g n a l  o r  a  t u r n  s i g n a l  by d e p r e s s i n g  t h e  
wrong b u t t o n ,  c o r r e c t  y o u r s e l f  by p r e s s i n g  t h e  p r o p e r  b u t t o n  a s  
soon a s  you r e a l i z e  your  m i s t a k e .  Each s t o p  o r  t u r n  s i g n a l  w i l l  
b e  d i s p l a y e d  by t n e  l e a d  v e h i c l e  f o r  s e v e r a l  s econds .  
I n  subsequen t  d r i v i n g  e x p e r i e n c e s  on t h e  s i m u l a t o r  d i f f e r e n t  
r e a r  l i g h t i n g  sys tems  w i l l  b e  used  which have d i f f e r e n t  lamps o r  
d i f f e r e n t  c o l o r s  f o r  s t o p  and t u r n  s i g n a l s .  P r i o r  t o  each  d r i v i n g  
e x p e r i e n c e ,  I w i l l  d emons t r a t e  when t h e  s t o p  s i g n a l  and t u r n  s i g -  
n a l s ,  s e p a r a t e l y  and combined, w i l l  l ook  l i k e  w i t h  t h a t  p a r t i c u l a r  
sys tem.  
Do you have any q u e s t i o n s  s o  f a r ?  (Answer.)  
I n  a d d i t i o n  t o  t h e  s t o p  and t u r n  s i g n a l s ,  i n  some d r i v i n g  
e x p e r i e n c e s  t h e  " A c c e l e r a t o r  ~ o s i t i o n  S i g n a l "  w i l l  a l s o  be d i s -  
p l ayed  by t h e  l e a d  v e h i c l e .  I s h a l l  demons t r a t e  on t h e  l e a d  
v e h i c l e  what t h a t  s i g n a l  i s .  :Jilenever t h e  d r i v e r  of t h a t  simu- 
l a t e d  v e h i c l e  ha s  t h e  a c c e l e r a t o r  d e p r e s s e d ,  a  g r een  l i g h t  w i l l  
b e  d i s p l a y e d .  Knen he  r e l e a s e s  t o  a c c e l e r a t o r  t o  slow down, a  
ye l low l i g h t  comes on l i k e  t h i s .  (Demons t ra te .  ) E'urther , when 
h e  a p p l i e s  t h e  b r a k e s ,  a  r e d  l l g h t  comes on ,  a lony  w i t h  t h e  
v e h i c l e ' s  normal b r a k e  l l q h t s ,  l i k e  t h i s .  (Demons t ra te . )  J u s t  
because  h e  r e l e a s e s  t h e  a c c e l e r a t o r  does  n o t  n e c e s s a r i l y  mean 
h e  i s  abou t  t o  apply  t h e  b r a k e s ,  however. 
Do you have any q u e s t i o n s  abou t  t h e  A c c e l e r a t o r  P o s i t i o n  
S i g n a l ?  (Answer. ) 
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Each d r i v i n g  e x p e r i e n c e  s t a r t s  w i t h  t h e  l e a d  v e h i c l e  a t  a  
s t a n d s t i l l  a t  a  d i s t a n c e  of  150 f e e t ,  l i k e  t h e  v e h i c l e  i s  l o c a t e d  
a t  t h i s  t ime .  The l e a d  v e h i c l e  w i l l  t h e n  g r a d u a l l y  a c c e l e r a t e  t o  
a b o u t  50 miles p e r  h o u r ,  and t h e  speed  w i l l  t h e n  v a r y  somewhat 
u n t i l  t h e  end of  t h a t  e x p e r i e n c e ,  when t h e  l e a d  v e h i c l e  w i l l  
d e c e l e r a t e  t o  a  s t o p  a g a i n .  Your t n i r d - p r i o r i t y  t a s k ,  which w i l l  
b e  second  p r i o r i t y  whenever t h e  s i d e - t a s k  l i g h t s  a r e  n o t  i n  ope r -  
a t i o n ,  i s  t o  m a i n t a i n  t h a t  150 f o o t  d i s t a n c e  b e h i n d  t h e  l e a d  
v e h i c l e .  About once  a  minu te  o r  s o ,  I s h a l l  c a l l  o u t  t h e  a c t u a l  
s i m u l a t e d  d i s t a n c e ,  s o  t h a t  you may c o r r e c t  any e r r o r  which h a s  
deve loped .  
Do you have  any q u e s t i o n s  a b o u t  t h e  d r i v i n g  t a s k ?  (Answer . )  
Some o f  t h e s e  d r i v i n g  e x p e r i e n c e s  w i l l  b e  unde r  n i g h t t i m e  
c o n d i t i o n s ,  when t h e  t a i l l i g h t s  of t h e  l e a d  v e h i c l e  w i l l  b e  on .  
O t h e r s  w i l l  be i n  dusk o r  day t ime  c o n d i t i o n s ,  when t h e  t a i l -  
l i g h t s  w i l l  n o t  b e  on.  A t  t h e  b e g i n n i n g  of each  d r i v i n g  e x p e r i -  
e n c e ,  I s h a l l  d e m o n s t r a t e  t h e  c o n d i t i o n s  which w i l l  b e  used .  
I f  t h e r e  a r e  no f u r t h e r  q u e s t i o n s ,  I s h a l l  n o t  g i v e  you a  
p r a c t i c e  r u n .  ( A d m i n i s t e r . )  
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P l e a s e  beg in  by a d j u s t i n g  t h e  s e a t  and m i r r o r s .  The pas senge r  
n a s  a  c o n t r o l  box w i t h  b u t t o n s  l a b e l e d  s t o p ,  t u r n ,  l e f t  and r i g h t .  
The s t o p  and/or  t u r n  b u t t o n s  shou ld  be d e p r e s s e d  a s  soon a s  you 
see my of  t h e s e  s i g n a l s .  T h e  l e f t  and r i g h t  b u t t o n s  a r e  t o  t u r n  
o f f  t h e  l e f t  and r i g h t  g r een  l i g h t s  on t h e  hood of  o u r  c a r .  The 
d r i v e r  h a s  s t o p  and t u r n  b u t t o n s  on t h e  s t e e r i n g  wheel yoke which 
s l lould be d e p r e s s e d  a s  soon a s  t h e  s i g n a l s  a r e  p r e s e n t e d .  The 
d r i v e r  ha s  a  f o o t  p e d a l  t o  t h e  l e f t  o f  t h e  b r a k e  p e d a l  which 
shou ld  be  d e p r e s s e d  each  t ime  e i t ~ l e r  g r een  l i g h t  on t h e  hood comes 
on t o  t u r n  it o f f .  A s  soon a s  you have bo th  d e p r e s s e d  t h e  appro-  
p r i a t e  b u t t o n ,  t n e  l i g h t s  on t h e  hood w i l l  yo o f f .  
The d r i v e r  i s  t o  f o l l o w  t h e  l e a d  c a r  a t  a  d i s t a n c e  of  150 
f e e t .  You must s t r i v e  t o  m a i n t a i n  t h i s  d i s t a n c e  d u r i n g  t h e  e n t i r e  
s t u d y .  I f  you va ry  from 150 f e e t  we w i l l  have t o  c o r r e c t  your  
s e p a r a t i o n  d i s t a n c e .  
The p r i o r i t y  of t a s k s  i s  d r i v i n g  fo l lowed by e x t i n g u i s h i n g  
t h e  s i d e - t a s k  l i g h t s  when t h e y  a r e  u s e d ,  fo l lowed by r e spond ing  
t o  t h e  s i g n a l s  from t h e  l e a d  c a r .  
The l e a d  c a r  w i l l  be d r i v i n g  a t  50 mpli inbetween t r i a l s .  Use 
you r  r i g h t  f o o t  t o  a c c e l e r a t e  and b r a k e .  Do n o t  u se  your  l e f t  
f o o t  t o  b r a k e .  
Do you have any q u e s t i o n s ?  Do n o t  smoke o r  wear t i n t e d  
g l a s s e s  d u r i n g  t h e  s t u d y .  
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( A l l  s u b j e c t s  had o r  were  g i v e n  p r i o r  e x p e r i e n c e  i n  t h e  
o p e r a t i o n  of  t h e  s i m u l a t o r .  These i n s t r u c t i o n s  were  t h e n  r e a d  
t o  t h e  s u b j e c t s  t o  f a m i l i a r i z e  them w i t h  t h e  s p e c i f i c  t a s k s  we 
wished  them t o  pe r fo rm d u r i n g  t h i s  Acc iden t  S i m u l a t i o n  S tudy . )  
I n  t h i s  expe r imen t  you w i l l  b e  v iewing  a  number of  s c e n e s ,  
e a c h  l a s t i n g  a t  l e a s t  f i v e  seconds  and a s  long  a s  t h i r t y  seconds .  
Each s c e n e  b e g i n s  when t h e  v iewing  s h i e l d  i s  r a i s e d ,  and ends  
when t h e  s h i e l d  c l o s e s .  Approximately  two minutes  w i l l  l a p s e  
between each  s c e n e .  
Between s c e n e s ,  we want you t o  m a i n t a i n  e x a c t l y  5 0  mph, a s  
i n d i c a t e d  on t h e  speedometer  v i s i b l e  t o  t h e  r i g h t  o f  t h e  v iewing  
s h i e l d .  T h i s  i s  you r  p r imary  t a s k  whenever t h e  v iewing  s h i e l d  
i s  c l o s e d .  
When t h e  v iewing  s h i e l d  i s  opened ,  you shou ld  d e t e r m i n e  a s  
q u i c k l y  a s  p o s s i b l e  t h e  a p p r o p r i a t e  r e sponse  i n  o r d e r  t o  m a i n t a i n  
tile same headway a s  when t h e  s h i e l d  opens .  ilhen t h e  s h i e l d  o p e n s ,  
t h e  l e a d  v e h i c l e  may be p u l l i n g  away from you ,  nay be go ing  t h e  
same s p e e d ,  o r  may b e  go ing  s l o w e r  t h a n  you,  S O  t h a t  you a r e  
c a t c h i n g  up t o  i t .  Fur the rmore ,  t h e  l e a d  v e h i c l e  may t h e n ,  o r  
may at .  some subsequen t  p o i n t  d u r i n g  t h e  s c e n e ,  e i t h e r  a c c e l e r a t e  
o r  d e c e l e r a t e .  
Your t a s k  when t h e  viewing s h i e l d  i s  open i s  t o  m a i n t a i n  t h e  
same headway a s  when t h e  s h i e l d  f i r s t  opened a t  t h e  b e g i n n i n g  o f  
t h a t  s c e n e .  
Do you have  any q u e s t i o n s  s o  f a r ?  
I want t o  s t r e s s  t h e  impor tance  of making a r a p i d  b u t  c o r -  
r e c t  r e s p o n s e  conce rn ing  t h e  speed  of t h e  v e h i c l e  you a r e  d r i v i n g .  
To e n c o u r a g e  t h a t  t h i s  r e s p o n s e  i s  c o r r e c t ,  an i n c e n t i v e  scheme 
c o n t r o l l i n g  t h e  amount o f  pay you s h a l l  r e c e i v e  f o r  s e r v i n g  a s  
a  s u b j e c t  s h a l l  be  u s e d .  
A b a s i c  h o u r l y  r a t e  o f  $1 .25  p e r  h o u r  w i l l  b e  p a i d .  I n  
a d d i t i o n ,  f o r  e a c h  " c o r r e c t "  r e s p o n s e ,  an a d d i t i o n a l  sum of  2 0 $  
w i l l  b e  added t o  t h e  t o t a l ,  and f o r  e a c h  " i n c o r r e c t "  r e s p o n s e ,  
$ 1  w i l l  be s u b t r a c t e d .  An " i n c o r r e c t "  r e s p o n s e  i s  one  i n  which 
you r e l e a s e  t h e  a c c e l e r a t o r  o r  a p p l y  t h e  b r a k e  when t h e  simu- 
l a t e d  l e a d  v e h i c l e  i s  t r a v e l i n g  t h e  same s p e e d  you a r e  o r  i s  
g o i n g  f a s t e r  t h a n  you a r e .  I n  o t h e r  words ,  a l t h o u g h  we want  you 
t o  r e s p o n d  a s  r a p i d l y  a s  p o s s i b l y ,  t h e  p e n a l t y  f o r  r e s p o n d i n g  
i n c o r r e c t l y  i s  r a t h e r  s e v e r e ,  and you s h o u l d  b e  s u r e  t h a t  t h e  
r e s p o n s e ,  namely ,  t a k i n g  y o u r  f o o t  o f f  t h e  a c c e l e r a t o r  o r  app ly -  
i n g  the b r a k e ,  i s  t h e  c o r r e c t  o n e .  
h second  t y p e  o f  i n c o r r e c t  r e s p o n s e ,  w i t h  t h e  same $ 1  p e n a l t y ,  
w i l l  a l s o  b e  u s e d .  I f  you s h o u l d  g e t  s o  c l o s e  t o  t h e  l e a d  v e h i c l e  
t n a t  a  c r a s h  i s  imminent ,  cihicrl i s  when t h e  l e a d  v e h i c l e  i s  t h i s  
c l o s e  ( d e m o n s t r a t e d ) ,  t h e n  w e  s h a l l  : a l l  t h a t  " c r a s h "  an  i n c o r r e c t  
r e s p o n s e .  On the o t h e r  l iand,  i f  t n e  l e a d  v e h i c l e  g e t s  s o  f a r  
away t n a t  you a r e  o b v i o u s l y  n o t  f o l l o w i n g  c o r r e c t l y  ( d e m o n s t r a t e d  - 
l e a d  v e r l i c l e  a t  end o f  simulator b e l t ,  s i m u l a t e d  6 0 0  f e e t ) ,  t h a t  
s h a l l  a l s o  be deemed t o  be an  " i n c o r r e c t  r e s p o n s e . "  I n  o u r  p r e -  
v i o u s  s i m u l a t o r  s t u d l e s ,  t h e s e  l a t t e r  two t y p e s  o f  i n c o r r e c t  
r e s p o n s e s  h a v e  r a r e l y  o c c d r r e d ,  and t h e y  c e r t a i n l y  need n o t  o c c u r  
i f  a d e q u a t e  a t t e n t i o n  i s  p a i d  t o  t h e  t a s k s  we h a v e  a s k e d  you t o  
p e r f o r m .  
Do you h a v e  any q u e s t i o n s ?  
One a d d i t i o n a l  r e q u e s t .  Dur inq t h i s  e x p e r i m e n t  we would 
l i k e  you t o  wear  t h e s e  headphones .  You w i l l  n o r m a l l y  h e a r  a  
s i m u l a t i o n  of  l ~ i g h w a y  road  n o i s e ,  a l t h o u g h  when I t a l k  t o  you on 
t h e  i n t e r c o m ,  you w i l l  also h e a r  m e  on tllesc headphones .  
( A d j u s t  phones  f o r  s u b j e c t .  U e m o n s t r a t c  s o u n d . )  
~f t h e r e  a r e  no  f u r t h e r  q u e s t i o n s ,  I s h a l l  g i v e  you a c o u p l e  
o f  p r a c t i c e  r u n s ,  and t h e n  w e  s h a l l  b e g i n .  
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The p u r p o s e  o f  t h i s  s t u d y  i s  t o  e n a b l e  u s  t o  o b t a i n  t h e  sub-  
j e c t i v e  r e a c t i o n s  o f  d r i v e r s  t o  an e x p e r i m e n t a l  r e a r  l i g h t i n g  o r  
t a i l  l i g h t l n g  s y s t e m .  To d o  t h i s ,  we would l i k e  you t o  f o l l o w  
t h e  v e l l i c l e  which i s  i m m e d i a t e l y  ahead  o f  u s  now on a  d r i v e  
t h r o u g h  Ann Arbor  and. t h e  s u r r o u n d i n g  a r e a .  Your t a s k  w i l l  
s i m p l y  b e  t o  f o l l o w  t h a t  c a r  a t  a  s a f e  d i s t a n c e .  Now, t h e  d i s -  
t a n c e  a t  willch you f o l l o w  s h o u l d  b e  c l o s e  enough t o  keep  o t h e r  
d r i v e r s  from c u t t i n g  i n  be tween you and t h e  l e a d  c a r ,  b u t  f a r  
enough away t o  e n a b l e  you t o  s t o p  s a f e l y  s h o u l d  t h e  l e a d  c a r  h a v e  
t o  b r a k e  o r  d e c e l e r a t e  r a p i d l y .  The l e a d  c a r  w i l l  n o t  p u r p o s e l y  
make any u n u s u a l  maneuvers ,  b u t  you s l lould  b e  a l e r t  a t  a l l  times 
t o  what  t i le  r e s t  o f  t h e  t r a f f i c  i s  d o i n g .  
~t c e r t a i n  t i m e s  d u r i n g  t h e  e x p e r i m e n t ,  I w i l l  a s k  you t o  
f i l l  o u r  q u e s t i o n n a i r e s  c o n c e r n i n g  t h e  e x p e r i m e n t a l  l i g h t i n g  
s y s t e m  i n  u s e .  
B e f o r e  we s t a r t  t h e  a c t u a l  e x p e r i m e n t ,  we w i l l  f i r s t  t a k e  a  
s h o r t  d r i v e  t o  l e t  you g e t  t h e  f e e l  of  t h e  c a r ,  t h e  g e n e r a l  i d e a  
o f  t h e  c a r - f o l l o w i n g  t a s k ,  and some e x p o s u r e  t o  t h e  e x p e r i m e n t a l  
s y s t e m .  When d r i v i n g ,  p l e a s e  u s e  y o u r  r i g h t  f o o t  o n l y  when o p e r -  
a t i n g  t h e  b r a k e  and a c c e l e r a t o r .  A t  t h e  c o n c l u s i o n  o f  t h i s  f i r s t  
d r i v e ,  I w i l l  g i v e  you a  q u e s t i o n n a i r e  t o  f i l l  o u t  c o n c e r n i n g  t h e  
f u n c t i o n  and y o u r  u n d e r s t a n d i n g  o f  t h e  e x p e r i m e n t a l  s y s t e m .  I 
w i l l  n o t ,  t h e r e f o r e ,  g i v e  you any f u r t h e r  i n f o r m a t i o n  a b o u t  t h e  
l i g h t i n g  s y s t e m  a t  t h l s  t l m e  - - I t  w i l l  b e  y o u r  job  t o  d e c i d e  
wha t  t h e  s y s t e m  i n d i c a t e s .  Are you r e a d y  t o  b e g i n ?  Any q u e s t i o n s  
a b o u t  t h e  p r o c e d u r e ?  
(Check m i r r o r s ,  s e a t  p o s i t i o n )  
Perform warm-up run  
Admin i s t e r  Q u e s t i o n n a i r e s  
E x p l a i n  f u n c t i o n  of  APS 
Idow we w i l l  go on a s l i g h t l y  l o n g e r  d r i v e  on a  d i f f e r e n t  
t y p e  of  road .  Your t a s k  w i l l  a g a i n  be t o  f o l l o w  t h e  l e a d  c a r  
and t o  f i l l  o u t  a q u e s t i o n n a i r e  a t  t h e  end of t h e  d r i v e .  Any 
q u e s t i o n s ?  
Perform f o l l o w i n g  r u n s ,  a d m i n i s t e r  Q u e s t i o n n a i r e s .  
Appendix 3 .  
THE I i J S T R U C T I O N S  TO S U B J E C T S ,  AND THE QUESTIONNAIRES 
USED I N  THE S U B J E C T I V E  D R I V I N G  STUDY EVALUATION 
OF THE ACCELERATOR P O S I T I O N  SIGNAL 
~\Jame b a t e  Time 
1. What in fo rma t ion  do you th ink  each of t h e  lamps of t h e  e x p e r i -  
mental  system was in t ended  t o  convey when l i g h t e d  - i . e . ,  w h a t  
d i d  each lamp mean? 
Red Lamp 
Amber Lamp 
Green Lamp --- 
-- 
2 .  what a c t i o n s  of t h e  p o s s i b l e  a c t i o n s  l i s t e d  below d i d  each 
lamp i n d i c a t e  when l i t ?  Choose a s  many answers a s  a p p l i c a b l e  
f o r  each lamp. 
Iied Lamp 
Amber Lamp - 
Green Lamp 
P o s s i b l e  Act ions 
1) i4ilc.l d e c e l e r a t i o n  
2 )  High d e c e l e r a t i o n  
3 )  Mild a c c e l e r a t i o n  
4 )  IIigli a c c e l e r a t i o n  
5 )  Acce le ra to r  a p p l i e d  
6 )  Acce le ra to r  r e l e a s e d  
7 )  Brake a p p l i e d  
8 )  3 rake  r e l e a s e d  
Name .- Date  T i m e  S e r i e s  
1. ~iow mucil u s e f u l  information d i d  t h e  e x p e r i m e n t a l  l i g h t i n g  s y s t e m  
provide  t o  you? 
Very A G r e a t  
L i t t l e  Deal  
1 2 3 4 5 6 7 
I I I I I 1 I I I I I 1 C I RCLE 
J o .  o f  Resp .  
C o n d i t i o n  A -*-+-+ 1 
C o n d i t i o n  I3 -t++ 1 
2 .  What i n f o r n a t i o n ,  s p e c i f i c a l l y ,  d i d  i t  p r o v i d e ?  
NUMBER 
3 .  Uid tlic: y e l l o w  l i g h t  c o n s i s t e n t l y  i n d i c a t e  t h a t  t h e  o t h e r  




I 1 I I CIRCLE 
;do. - of  Iiesp. 
C o n d i t i o n  A + +  
C o n d i t i o n  U ++ 1 
4. Did t h e  p r e s e n c e  a t  tlie y e l l o w  l i g h t  c o r l s i s t e n t l y  i n d i c a t e  
t h a t  t h e  l e a d  c a r  was a b o u t  t o  b r a k e ?  
Very 
I n c o n s i s t e n t l y  
1 2 3 
Very 
c o n s i s t e n t l y  
6 7 
I I I I 1 
ido. o f  Kesp. t I r I I I( CIRCLE 
3 5 5 3 3 
NUMBER 
C o n d i t i o n  A -+- 1 
C o n d i t i o n  I3 ++ 2 4 5 6 2 1 
5 .  Did t h e  e x p e r i m e n t a l  l i g h t i n g  s y s t e m  r e l i a b l y  a i d  you i n  
f o r e c a s t i n g  speed  changes  o f  t h e  l e a d  c a r ?  
Very 
C ' n r e l i a b l y  
Very 
R e l i a b l y  
N O .  o f  Hesp. I I I I I 1 I 1 1 I 1 I C I RCLE 
1 1 3 4 3 5 NUMBER C o n d i t i o n  A +-+ 
C o n d i t i o n  B " 1 3 3 4 3 6 
Name Date  T i m e  
1. Did t i l e  e x p e r i m e n t a l  sy s t em c o n f u s e  o r  m i s l e a d  you i n  any way? 
Not A t  A l l  
Confus ing-  
Mis l ead ing  
G r e a t l y  
Confusing-  
Mis l ead ing  
1 2 3 4 5 6 7 CIRCLE 
I 1 I I I I I I f I I NUMBER I 
ho.  ~f Resp. -+ 9 5 4 2 
2 .  Did t h e  e x p e r i m e n t a l  sy s t em make you f e e l  more a p p r e h e n s i v e  
o r  ne rvous  t h a n  you u s u a l l y  do when d r i v i n g ?  
Not A t  A l l  Much More 
More Nervous ldervous 










I C I RCLE 
3 4 
NUMBER 
No. o f  Hesp. -+ 1 0  1 1 1 
3.  Do you f e e l  t n a t  t h e  e x p e r i m e n t a l  l i g h t i n g  s y s t e m  l e d  
you t o  a p p l y  y o u r  b r a k e s  u n n e c e s s a r i l y ?  
Very Very 
I n f r e q u e n t l y  F r e q u e n t l y  
1 2 3 4 5 6 7 
t 1 v I I 1 I I I 1 I C I RCLE 
No. o f  Resp. -+ 7 - 9 1 3 NUMBER 
4. Uid i t  encouracjc you t o  take your  f o o t  o f f  the g a s  p e d a l  
u n n e c e s s a r i l y ?  
Very 
I n f r e q u e n t l y  
Very 
F r e q u e n t l y  
1 2 3 4 5 6 7 . I I 1 I CIRCLE I I L I 1 
No. of  Resp. + 8 3 1 1 5 2 
I\I UMB E R 
5 .  Did t h e  e x p e r i m e n t a l  sy s t em d i s t r a c t  you u n n e c e s s a r i l y ?  
Not 
At A l l  
Very 
Much 
1 2 3 4 5 6 
A 
7 
I I 1 I I C I R C L E  
No. of Kesn. -+ 5 
NUMBER 
6 .  I f  y o u r  t a s k  was t o  f o l l o w  t h e  e x p e r i m e n t a l  v e h i c l e  
a t  a c o n s t a n t  d i s t a n c e ,  do you t h i n k  t h e  e x p e r i m e n t a l  
l i g n t i n y  s y s t e m  would have  a i d e d  you? 
Very 
L i t t l e  
Very 
Much -- CIRCLE 
140. o f  Resp.  
7 .  Did  yo^: f e e l  t h a t  t h e  e x p e r i m e n t a l  s y s t e m  became 
more u s e f u l  a s  you became mcre accus tomed  t o  i t ?  
Did Not 
Become A t  
A l l  More 
U s e f u l  
Became 
Much More 
U s e f u l  
1 2 3  4 5 6 7 
I1 I 4 I 1 CIRCLE I 
d o .  o f  Hesp. -?  1 1 
NUMBER 
3 
8 .  Do you s e e  any a d v a n t a g e s  o r  d i s a d v a n t a q e s  i n  t h e  u s e  
o f  t n e  e x p e r i m e n t a l  s y s t e m  cn  a l l  c a r s ?  
9 .  I f  t h e  e x p e r i m e n t a l  s y s t e m  b,as o p t i o n a l  on a  c a r  you 
were  b u y i n g  ~ I O W  much would you pay f o r  i t ?  
CHECK 
ONE 
$15 $30 $60 would would 
Not Want J o t  Want 
I t A t  A l l  To Pay 
For  I t  
1 0 .  would you be i n  f a v o r  o f  l e g i s l a t i o n  wiiich would 
r e q u i r e  t h e  s y s t e m  t o  b e  i n s t a l l e d  on a l l  new c a r s  
by t h e  m a n u f a c t u r e r  w i t h  t h t  c o s t  p a s s e d  on t o  t h e  
consumer?  
Would Would 
D e f i n i t e l y  D e f i n i t e l y  
Not B e  I n  Be I n  Favor  
Favor  
1 2 3 4 5 6 7 
I i I I 1 C I RCLE 
NUMBER 
11. iiow w o u l d  you  r a t e  t h e  i n t e n s i t y  o r  b r i g h t n e s s  of each of 
tile expe r imen ta l  l a m p s ?  







D i m  
Too 
Bright 
Yellow 1 2 3 4 5 6 7 




U i r r ,  
Too 
i3r ight  
Too 
U i m  
Too 
B r i g h t  
C I R C L E  
NUMBER 
C I R C L E  
NUMBER 
C I RCLE 
NUMBER 


